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ABSTRACT 
Cold-formed thin-walled steel members are very efficient for structural purposes; they 
produce structures that save a large amount of material, therefore being economical. These 
sorts of members suffer from a series of instability phenomena, among those local buckling, 
distortional buckling and global buckling. Design procedures need to take into account all 
those instabilities to provide realistic and efficient guidance.  The direct strength method is a 
useful tool to design cold-formed members with many advantages over the effective width 
method which is currently the main design method in many specifications worldwide. Its 
approach is more realistic and calculations are simpler and faster though it requires 
computational support. Unrelatedly, stainless steel has shown to be very beneficial for 
several structural applications. Current stainless steel members design guidance emulates 
the one of carbon steel leading to huge simplifications and so poor results. The goal of this 
paper is to study the application of the direct strength method to stainless steel members 
and propose an adaptation of the method. Specifically, local buckling determination is 
studied in austenitic and ferritic stainless steel columns. 
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1. INTRODUCTION 
The direct strength method for the design of cold-formed steel members included in the 
North American Design Specifications (AISI) is a relatively new procedure that avoids the 
tedious design iterations involved in the effective width method which is currently the most 
popular design method of steel members. The direct strength method is based on calculating 
the elastic buckling instabilities of the gross section through a computer program and then 
applying a set of empirical equations to find out the strength of the member. It is indeed a 
very useful tool to design cold-formed steel members; however its application has only been 
studied on carbon steel. Current design methods for stainless steel are based on analogies 
with carbon steel, simplifying its nature and hence leading to poor designs. The goal of this 
project is to produce a set of equations to design efficiently austenitic and ferritic stainless 
steel cold-formed columns which suffer from local buckling. Those equations are going to be 
derived from the direct strength method formulation. 
To fulfil our goal, the procedure that was used to obtain the design equations of the Direct 
Strength Method for carbon steel has been emulated: the relationship between the strength 
of a large number of specimens and the critical elastic buckling load, represented as the 
member’s cross-sectional slenderness, has been studied. The values of the elastic buckling 
instabilities have been found to be intimately related to the actual strength of the members. 
Hence a set of equations that relate both of them has been derived and proposed so that an 
engineer would be able to find the strength of a member by simply calculating the elastic 
buckling instabilities through a program such as CUFSM and then introducing the program 
output to this set of equations.  
On one side, the Direct Strength Method not only is a faster and simpler design method, it 
also encourages better section optimization. On the other side, stainless steel has many 
structural applications; it’s characterized by a large strength, ductility and excellent 
corrosion resistance among many features. Therefore, the main final goal of this project is to 
provide the means to design efficiently stainless steel cold-formed. 
The application of a very recent method called “The continuous strength method for 
structural stainless steel” which aims to improve the design of stocky members taking 
advantage of the strain-hardening properties has also been studied. 
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2. REVIEW OF THE PROJECT CONTEXT 
2.1. The direct strength method 
The use of cold-formed steel construction materials has become very popular in construction 
thanks to the possibility of producing very thin-walled members which are very efficient and 
economical. Thin walled members suffer from several cross-section stability problems, the 
complexity of this phenomenon complicates the design of thin-walled members. The current 
design method in the Eurocode, the effective width method, requires a great effort of 
iterations and tedious calculations; in this section the features of the Direct Strength Method 
are discussed.  
 
2.1.1 Advantages and shortcomings comparing to the effective width method 
Both effective width and direct strength method are semi-empirical, however the direct 
strength method gives a more realistic insight in the true mechanics of steel. 
While the effective width method is based on finding the effective section that provides 
strength to the steel member the direct strength method computes the elastic instabilities of 
the gross section.  
As commented in (Schafer, 2006) direct strength method has several advantages and 
shortcomings with respect to the effective width method. Some of these are mentioned in 
the following sections. 
 
o Practical advantages 
Firstly, the DSM is specifically indicated when dealing with complex steel section shapes 
since the required design effort is similar to the one when dealing with simple shapes, 
meanwhile, when using the effective width method the effort increases with section shape 
complexity and may even become inapplicable. Therefore its applicability is much boarder. 
Secondly, the DSM is also a more straightforward design method than the effective width 
design method; it does not require any iteration and works on the gross section instead of 
an effective section which requires several calculations. The DSM simply performs the 
calculation of the buckling modes loads on a computer program and then inserts the results 
directly into the design formulas. 
o Theoretical advantages 
The DSM focuses on the correct determination of elastic buckling behaviour instead of 
building an artificial concept as an effective cross-section. This is of special importance as it 
indicates the path towards developing an accurate method that deals with the problem of 
designing cold-formed steel members in its true non-linear nature. However the DSM is a 
semi-empirical method and so more investigation is required to create a purely analytical 
design tool. 
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Moreover, the DSM enables to perform better section optimizations. 
 
o Practical disadvantages 
The main issue of the DSM is that the method so far has only been developed to determine 
the axial and bending moment resistance, there are no provisions for shear failure and web 
crippling.  
Furthermore, when designing very slender cross-sections the DSM provides very 
conservative results, hence uneconomical. That’s a consequence that the DSM analyses the 
cross-section as a single element, if a small slender element buckles the DSM will assume 
that all section suffers buckling. The DSM also ignores the shift of the neutral axis which 
occurs when very slender elements are under compression; however this is a conservative 
approach. 
Currently the direct strength method provides the means to design beam-columns members 
which are under a combined axial and bending moment load. Formulation is given and 
explained in (Schafer, 2006). However, this formulation is based on a linear interaction 
between axial and bending stability and strength which relies in a conservative assumption 
of the outcome combination loading. For instance, in certain circumstances bending relieves 
a member under axial stress instead of demanding more from it. Therefore a direct analysis 
would provide more efficient and economical designs. Investigation on this topic can be 
found at (Shifferaw & Schafer, 2010). 
Lastly, the DSM is only applicable to cross-sections previously investigated. Nonetheless a 
board range of sections have been studied for application in accordance with the AISI. 
 
2.2. Stainless Steel 
Stainless steel is well suited for structural purposes; it is characterized by a large strength, 
stiffness, ductility and corrosion resistance. Its main drawback is its initial cost which is much 
larger than the one of carbon steel; however it requires very little maintenance due to its 
resistance to corrosion which enables the possibility of designing more economical designs 
than carbon steel structures in some cases. It is very cost-effective and competitive for 
certain types of structures as shown in (Gardner et al., 2007). 
Stainless steel can produce several types of structural products such as tube, bar, plate, 
sheet, strips and cold-formed and hot-rolled sections. This research project focuses on cold-
formed sections since as previously commented cold-forming allows the production of thin-
walled members which are very efficient and economical for structural purposes. 
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2.2.1 Chemical composition   
Stainless steels are those iron alloys that contain a minimum of 10.5% chromium, what 
makes them resistant to corrosion. We recognize five different grades of stainless steel 
depending on the specific amounts of alloying elements, which control the microstructure of 
the alloy. Namely: austenitic, ferritic, duplex (austenitic-ferritic), martensitic and 
precipitation hardening. Austenitic and Duplex are the most common grades used for 
structural applications though investigation is being undertaken to assess the usage of 
ferritics. (Bock et al., 2013) 
 
 Austenitic 
Austenitic stainless steels are the most popular ones. Their atomic structure is face-centered 
cubic and when compared to other grades turns out that austenitic are the most weldable of 
the stainless. 
 Ferritic 
Their atomic structure is body-centered cubic. It is characterized by a good ductility and 
formability but also by a significant decrease in strength under high temperatures. 
 Martensitic 
Like ferritic steels they also have a body-centered cubic structure. Due to their important 
contain in carbon its welding and forming is rather poor and require special treatment to 
prevent cracking. 
 Duplex 
They are characterized by a mixed microstructure of significant quantities of both Nickel and 
Chromium, chemically they are somewhere between the austenitics and ferritics. They have 
a got a higher yield strength and greater stress corrosion cracking resistance to chloride than 
austenitics what makes them particularly suitable for chemical plants usage. 
 Precipitation Hardening 
Stainless steels with alloying additions such as aluminium, copper or titanium that allow 
them to be hardened offering the highest strengths. However they are not suited for 
welding. 
 
2.2.2 Stress-strain behaviour 
The stress-strain relationship of stainless steel is different in numerous aspects to the carbon 
steel as shown on figure 1. Stainless steel does not have a yield point where its stiffness 
changes drastically as carbon steel does, instead of that there is a zone where its stress-
strain relationship becomes highly non-linear leading to a round-corner. Due to this 
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transition its stiffness reduces to a residual value which is maintained for quite large strains 
thanks to its ductility. 
Given the lack of a yield point followed by a flat yield plateau the consensus is to associate a 
yield value to a 0.2 % plastic strain, note that this is totally arbitrary. 
 
Figure 1: Stress-strain relationship of carbon and stainless steel  
  
Stainless steel is very ductile compared to carbon steel. For instance, a common austenitic 
steel would have its fracture strain around 40-60% while a carbon steel around 20-30%. 
Moreover its hardening behaviour leads stainless steel to have very large ultimate tensile 
strengths. This comes to deliver the most challenging aspect when creating design methods 
of stainless steel: take advantage of its large ductility and hardening properties as 
deformations are constrained within serviceability limits. The non-linear stiffness of stainless 
steel is the main issue that we are going to deal with to adapt the direct strength method 
from carbon to stainless steel. 
Another important feature of stainless steel is its anisotropic behaviour: tension-strain 
curves are different from compression-strain curves. Both characteristics are increasingly 
significant as cold work on the member increases. This issue is usually undertaken by 
conservatively using the minimum material properties.  
When it comes to describe the stress-strain behaviour several models have been proposed, 
we shall highlight the one included in EN 1993-1-4 Annex C. Stress-strain curve with strain 
hardening calculated as follows: 
 
 =   + 0.002 
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Where: 
 n is a coefficient defined as  = ()(/!"#.#$)            (2) 
In which Rp0.01 is the 0.01% proof stress. n may be taken from table 4.1 (EN 1993-1-4) 
or calculated from measured properties. 
Ey is the tangent modulus of the stress-strain curve at the yield strength defined as: % = &'./          (3) 
εu is the ultimate strain corresponding to the ultimate strength fu, where εu may be 
obtained from the approximation: 
 = 1 −              (4) 
but εu<A where A is the elongation after fracture defined in EN 10088. 
 m is a coefficient that may be determined as * = 1 + 3.5      (5) 
 
2.2.3 Durability 
One of the most important features of stainless steel is its corrosion resistance which allows 
it to be applied in numerous aggressive environments without protection. The content of 
chromium in stainless steel is responsible of that. When oxidation takes place chromium 
interacts with oxygen forming chromium oxide which is concentrated on the surface of the 
steel member forming an impervious layer that prevents oxidation to carry on further inside 
the member. Furthermore if the member is damaged in some way the layer is going to 
extent naturally. The corrosion resistance makes stainless steel one of the most durable 
materials in construction. If a proper design is done and with only a minimum maintenance 
it’s life can surpass 100 years. 
 
2.2.4 Cost 
When compared to carbon steel stainless steel members are characterized by a significant 
larger initial cost but smaller maintenance. If an efficient design is undertaken better cost-
effective stainless steel structures than carbon steel ones can be achieved, nonetheless 
there is an important dependence on the environment. For instance studies point out that it 
is much more economical to use stainless steel than carbon steel in offshore structures due 
to the cost of maintenance. 
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2.2.5 Conclusions 
Stainless steel is a material of excellent properties and complex behaviour. Its corrosion 
resistance makes it particularly suitable for several applications as offshore structures or 
chemical plants. Further research to produce more efficient design appears to be worth 
investigating. 
 
2.3. Current member design of stainless steel 
So far the reader has been given a broad overview on stainless steel features and the direct 
strength method. The aim of this section is to understand how current specifications deal 
with stainless steel members. 
The European provisions for stainless steel design emulate the design of carbon steel 
members. The effective width method applies but the main parameters to compute the 
overall buckling strength (imperfection parameter and limiting slenderness) have been 
recalibrated to fit in a conservative manner ignoring gradual material yielding. To deal with 
local buckling current design proposes a specific set of width-to-thickness ratios to classify 
sections ignoring material hardening. However, as it will be proven later in this paper 
material hardening plays a relevant role in local buckling only in stocky members. 
The US provisions do take into account the gradual material yielding; the tangent young 
modulus replaces the initial young modulus in the buckling formulations. Its specifications 
use the Ramberg & Osgood expression to compute the tangent stiffness: 
 
 = # + 0.002 - #../    (6) %0 = #..##..'.#- 11#../23$    (7) 
 
 
 
 
 
 
 
 
15 
 
Figure 2 compares the flexural buckling curves for different codes of section with fy = 210 
N/mm
2
 and E0 = 200.000 N/mm
2
. As it can be seen the Eurocode for welded sections is the 
most conservative. 
 
Figure 2: Effective width method reduction buckling factor parameter curve on different specifications 
(Gardner, 2005) 
 Would the reader have an interest in getting to know more about the properties for 
structural applications of stainless steel the author suggest reading the article (Gardner, 
2005). 
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3. STRENGTH PREDICTION EQUATIONS 
 
3.1. The Direct Strength Method 
The Direct Strength Method has been designed for carbon steel members; its formulation 
shall be used as a reference for the purpose of this project. It can be found at the Appendix 1 
of the “Specifications for the Design of Cold-Formed Steel Structural Members” by the AISI 
and at the annex 1 of this document. It is worth mentioning a few aspects of the method. 
The flow chart of figure 3 summarizes the procedure to apply the direct strength method. 
CUFSM is a numerical program that is explained later in this document. Note that it is not 
necessary to use that program though it is free software and very useful. 
The direct strength method equations are independent of the cross-section shape; all 
geometric properties are accounted for in the cross-sectional parameter. 
Certain type of section geometries, namely Lipped C, Lipped C with web stiffeners, Z, Rack 
Upright, Hat, Decks and Trapezoids, must fall within specific limits to be considered pre-
qualified so that a specific set of safe factors can be applied and a more efficient design 
achieved. All the relevant information regarding this feature can be found in the AISI 
specifications. 
The design of members is split into beams and columns. The elastic buckling loads (moments 
in case of beams) are required for each mode of buckling (local, distortional and overall). 
Once known the critical loads (or moments) those are used along with the yield load to 
calculate the slenderness which is the main parameter used in the subsequent empirical 
non-linear equations to calculate the strength of the member. 
 
 
 
 
Direct Strength Method empirical equations
Input: section slendernesses (root 
of yield stress over critical stress)
Output: local/distortional/ overall
buckling strength
Elastic buckling analysis (CUFSM)
Input: Section geometry & 
material properties
Output: critical stresses of the 
buckling modes
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Lastly, there is an important difference between the formulation of local buckling strength 
and the ones of distortional and overall buckling strength. Based on findings there is a strong 
interaction between local and global buckling while there is not such a relevant relationship 
between distortional-global or local-distortional. As a result the local buckling DSM 
equations depend also on the critical global load (or moment if it is a beam). 
 
3.2. Direct strength method for stainless steel compression members 
Investigation has been already performed towards the purpose of this project, a summary of 
this can be found at (Becque, Lecce & Rasmussen, 2008). We will now give an overview of 
what has been done so far. 
Bezkorovainy et al. proposed a generic formulation to predict the local buckling strength of 
stainless steel plates (equations 8, 9, 10 and 11). It is similar to the direct strength method 
since it also uses the elastic buckling load stress to then compute a slenderness, but it also 
takes into account through a set of parameters (α,β) the Ramberg-Osgood “n” parameter 
and the non-dimensional yields stress “e” -#..4 / so that stainless steel stress-strain behavior 
is taken into account. 
567 = 8 5						97 ≤ 97,7;;0
 <=> − ?=>. 5						97 > 97,7;;0  (8) 
Where: 
97 = ABB4> 			97,7;;0 = < +A-</ − C			5D7 = ED7	(elastic buckling load) (9, 10, 11) 
 
Beque et al. proposed a set of values for the parameters in equations 8, 9, 10 and 11 so that 
direct strength curves adapted for the Eurocode were obtained. As mentioned this 
formulation calculates the local buckling load of columns. However, there are no provisions 
yet to calculate overall buckling of stainless steel members through the DSM adapted to the 
Eurocode. In case of class 4 the effective section needs to be computed to determine the 
overall buckling strength as defined in EN 1993-1-4 section 5.4.2 so that then the Beque 
formulation can be applied to compute the local buckling load. The reader should keep in 
mind that the objective of the DSM is to avoid the tedious calculations involved in the 
Effective Method, particularly the calculation of the effective section for class 4 are 
significantly time consuming. Therefore, formulation to compute overall buckling strength of 
stainless steel members through the direct strength needs to be derived. The Beque 
formulation: 
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567 = F 56G						97 ≤ 0.55
.HI	=> − .=>. 56G						97 > 0.55   (12) 
Where: 
97 = ABJKBJL      (13) 
 
 “Nce” is the overall buckling strength. This project is focused on the local buckling, therefore 
only short members that do not suffer overall buckling are studied. Hence we can take “Nce” 
as “Ny”. 
Direct strength curves for the Australian and North-American standards were also developed 
for stainless steel compression members and exposed in (Becque, Lecce & Rasmussen, 
2008). 
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4. TECHNICAL AND THEORETICAL BACKGROUND 
 
In this chapter the basis of the direct strength method and of the procedure to achieve the 
goal of this project are studied. Gross section instabilities of a comprehensive number of 
SHS, RHS, Channels without lips and I sections with different geometries under axial load are 
computed through two different methods. 
On one side, due to the expense of obtaining strength data of steel members through 
experimentation we have turned to numerical simulation, we possess a large number of 
steel members strength computed through a sophisticated program based on the finite 
elements method called ABAQUS. We will refer to the strength computed through this 
method as the numerical strength and assume it is equal to the actual strength. The results 
have been adjusted to fit with an experimental set of stub column test data. This set of data 
and much more related to the cited method can be found in (Bock et al., 2013). 
On the other side, the strength of the members is computed through the DSM as defined for 
carbon steel (equations 16, 17 and 18) and through the proposed equations by Beque et al. 
(12), (13). As explained before in this project those methods require the computation of the 
elastic local buckling stress which is performed by the program CUFSM. 
The analysis consists on comparing the strength of the members computed through ABAQUS 
with the estimated strengths by the mentioned methods of the previous paragraph. 
 
4.1 Insight into the CUFSM 
The elastic buckling analysis of any sections geometry can be performed on CUFSM (Cornell 
University Finite Strip Method) which delivers the cross-section instabilities. Mechanics 
employed by the CUFSM are identical to the mechanics used to derive the plate bucking 
coefficient “k” values of the Euler buckling formula. The author considers that a brief insight 
into the program is worth towards getting an overall idea of the direct strength method. 
The finite strip method is a variant of the finite element method which instead of modelling 
the member in a number of square elements it uses strips from side to side of the element 
as shown in figure 4. 
 
Figure 4: C section discretised in FEM and in FSM respectively. Source: (Beregszaszi & AAdny, 2011) 
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Nodal displacements employ sinusoidal functions characterised by a half-wavelength 
parameter initially unknown, that parameter governs the mode shapes and so it is crucial 
towards determining the elastic bucking instabilities. If the reader wishes to get a full 
understanding of the finite strip method the author suggests (Schafer & Adany, 2006) where 
the expressions of nodal displacements, elastic stiffness matrix, geometric stiffness matrix 
and the assembly of matrixes are derived. Furthermore, the stability equation of the 
problem is expressed as the following eigenvalue equation: MGN = 9MON      (14) 
Where “Ke” is the assembled elastic stiffness matrix, “Kg” the assembled geometric stiffness 
matrix and “N” a single buckling mode. Beware that stiffness matrixes depend on the half-
wavelength parameter; hence for each value of this parameter we obtain a different 
solution. Our interest focusses on obtaining those half-wavelength parameters for which the 
geometric stiffness is a minima, recall that the geometric stiffness depends on the load 
distribution and so from it we can obtain the load that provokes buckling.   
In this paragraph a short description on how the CUFSM works is given: Once defined the 
geometry of the cross-sections and strips, the material properties (Young’s modulus, Poisson 
ratio and shear stiffness) and a reference load distribution the finite strip analysis is 
undertaken, for every predefined half-wavelength the load factor is calculated. The meaning 
of this load factor is that if the member was loaded by the reference load times the load 
factor bifurcation would happen. A typical CUFSM analysis would provide a graphic like the 
one shown in figure 5. In the horizontal axis we’ve got the half-wave length which as 
previously mentioned governs the mode shape and at the vertical axis we’ve got the load 
factor. 
 
Figure 5: Semi-analytical finite strip solution of a C-section with lips in bending showing local, distortional and 
lateral-torsional buckling as well as the moment that causes first yield. Source: (Schafer, 2008) 
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As we can see the curve is characterised by three minima, each of them corresponding to a 
different mode of instability (local bucking, distortional bucking and LTB).  
 
4.1.1 Section modelling and features 
The first step in determining the local instabilities is to build a proper cross-section and strip 
model of the sections we are dealing with which are RHS, SHS, Channels and I sections with 
round corners. As suggested in (Beregszaszi & AAdny, 2011), 90 degrees round corners have 
been approximated as 4 narrow strips. 4 strips will be used too for the webs and flanges.  
To ensure that section modelling is refined enough to deliver feasible solutions several 
sections with double the previous number of elements defined have been analysed. The 
conclusions are that for very stocky cross-sections results of load factor vary by at most 0.03 
units, for slender sections results do not change at all. We can conclude that the proposed 
model has enough precision. Note that this model has been found to have a relative error 
characterized over all SHS and RHS specimens analysed by a mean 0.48 % underestimation 
of the actual gross section and a standard deviation of 0.0025. The error of Channels is 
characterized by a mean of 3.4% overestimation and a standard deviation of 0.0161 and the 
one of I sections has a mean of 1.6% overestimation and 0.0033 standard deviation. Those 
errors are computed as the difference between the modelled and the real area of the cross-
section. It is worth mentioning that errors grow slightly as slenderness decreases, 
particularly for low values of slenderness that lead to section squashing instead of buckling, 
hence not relevant to determine the DSM strength. 
Figure 6 shows how a model of a SHS 100x100x2x4 (bxhxtxRm) looks like on CUFSM. 
 
Figure 6: Model on CUFSM of a SHS 100x100x2x4 Source: CUFSM 
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All the sections analysed have been found to have two minima corresponding to local and 
global buckling. Sections analysed to not suffer torsional buckling under loading. Other types 
of sections such as Channels with lips do suffer from distortional buckling. 
 
Figure 7: Load factor – half-wavelength graph obtained through CUFSM of a 100x100x2x4 mm SHS. Half-
wavelength in mm. Source: CUFSM 
 
Through many analyses we have found that the half-wavelength at which members suffer 
local buckling is close to its largest dimension. In the case illustrated by figures 6 and 7 the 
member suffers local buckling at a half-wavelength of 100 mm (it is a 100x100x2x4 mm SHS). 
 
Figure 8: 3D figure of the local buckling of a 140x140x2 SHS, deformations exaggerated 40 times. Source: 
CUFSM 
 
4.1.2 CUFSM and stainless steel 
As it has been previously explained in this paper the main difficulty we are dealing with 
when adapting the direct strength method from carbon steel to stainless steel is to take into 
account the non-linear stress-strain behaviour of the latter one. As seen in the previous 
section the determination of the elastic buckling critical stress depends on the stiffness 
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matrix which is made up, among other parameters, by the young modulus. CUFSM is built 
for a material which stiffness is constant, hence very appropriate for carbon steel but 
questionable for stainless steel. When computing the critical stress the origin stiffness has 
been used. Despite of what has been exposed, we are certain that estimations of the critical 
stress are accurate for members which suffer from local buckling before plastic resistance 
(Agross·fy) is achieved since stress-strain is quite linear before 0.2% proof strain is achieved. 
However for stocky members we suspect results of the CUFSM may be inaccurate. The DSM 
currently does not take advantage of the strain-hardening properties and sets the maximum 
strength at the plastic resistance. If a new method, based on the DSM, were to be developed 
taking advantage of the strain-hardening properties for the specimens which suffer from 
local buckling after plastic resistance is achieved, a new procedure to derive the critical 
stress would also be required. 
 
4.2 The cFSM 
The constrained finite strip method or cFSM, included in the CUFSM program, provides both 
modal decomposition and identification (local, distortional and global). On one side the 
modal decomposition focuses on a single buckling mode, the advantage of that is that the 
problem is reduced, the drawback is that it does not allow for interaction among modes. On 
the other side the modal identification shows the participation of each mode to the solution 
of the conventional finite strip method (FSM), in other words, in which percentage each 
mode is responsible of the minima of the load factor – half-wavelength curve. Both aspects 
converge to the ability of the cFSM to directly predict the elastic buckling load (or moment) 
for a specific mode. Hence, it is no longer necessary to inspect the curve for the minima and 
identify which mode of buckling it is related to so that we know which formulation applies. 
As it is shown by figure 9 the contribution is strongly dependent of the half-wavelength. 
A deep analysis in the theoretical background of the cFSM as implemented in the CUFSM 
and illustrative examples can be found in (Li & Schafer, 2010b). 
 
Figure 9: cFSM analysis showing the percentage of contribution by each buckling mode depending on the half-
wavelength. The analysed specimen of this example is a lipped channel. Source: CUFSM 
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Despite its great advantages cFSM cannot be applied directly to design for two reasons: First 
the direct strength method formulations included in the specifications are calibrated for the 
conventional FSM, recall that since cFSM does not allow for interaction results provided by 
the two methods are different. Secondly, cFSM cannot perform analysis of cross-sections 
with round corners. The effect of modelling round corners as sharp corners is not negligible. 
Both aspects are deeply studied in (Beregszaszi & AAdny, 2011). 
When a designer analyses a section through CUFSM will likely face a load factor – half-
wavelength curve with more than one minima. Instead of guessing to which buckling mode 
each minima belongs what should be done is perform a cFSM analysis to find out the half-
wavelength of the local and distortional buckling modes and then go back to the CUFSM and 
use the values provided by the cFSM to calculate the elastic buckling load factor and identify 
the buckling mode so that it is clear which equations apply.  Reference: (Li & Schafer, 2010a). 
In our case we only have one minima that belongs to the local buckling mode (and the 
unmistakable one due overall buckling which), so no further analysis with cFSM is required. 
 
4.3 Numerical prediction of true strength 
Performing empirical experiments to find out the true strength of a wide range of stainless 
steel cold formed members is substantially expensive and time consuming. Alternatively, an 
accurate prediction of the strength has been obtained through a sophisticated program 
based on finite elements called ABAQUS. To speed up the model configuration a plug-in 
developed in VTT Technical Research Centre of Finland (2010) has been used. Results of this 
program have been validated with complementary laboratory testing providing confidence 
to the results it gives. The study of the validation of the results as well as the model 
configuration is taken from (Bock et al., 2013). 
 
4.3.1 ABAQUS plug-in features 
This plug-in simplifies the large process of elaborating a model through ABAQUS, its 
shortcoming is that its application is constrained to a certain sections, materials, types of 
models and analysis. 
Regarding types of sections, as it will later be seen our project is based on SHS, RHS, lipless 
channels and I sections, all of them included in the ABAQUS plug-in. When it comes to 
material modelling, the plug-in limits the options of the stress-strain relationships, though 
including several and sophisticated models and allowing enhancement of properties in the 
corners of the elements. Among those models we shall highlight the “Ramberg & Osgood 
model with Hill’s modification”, “Mirambell & Real model”, “Rasmussen’s modification” (to 
Mirambell & Real model) and “Gardner’s modification” (to Mirambell & Real model).  
Regarding the tests that can be performed in the ABAQUS plug-in, those are the Stub column 
test, Plate buckling test, Member buckling test, bending test and web crippling test. This 
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research project is based on the analysis of local buckling of columns and this is evaluated 
through the stub column test. In a stub column test deformations are imposed and loads 
measured, tests can be performed both in fixed and free support conditions. 
 
4.3.2 Analysis 
We can perform two types of analysis with the ABAQUS plug-in: a linear elastic analysis (LEA 
from now on) and a geometrically and materially non-linear analysis of the imperfect 
structure (GMNIA). 
The strength values on which we rely are given by a GMNIA, nonetheless the LEA is very 
useful towards performing a proper GMNIA. The geometric imperfections given to the 
member shall have the shape of the lowest relevant elastic buckling mode since that is the 
shape with which a perfect member would fail. LEA is performed to obtain those buckling 
mode shapes which are introduced as the geometric imperfection in the GMNIA, however 
LEA provides only the pattern, not any actual measure of the elastic buckling deformation. 
There are several options to deal with this; the one that gives best results is given by Dawson 
and Walker model (1972) as adapted for stainless steel by Gardner and Nethercot (2004b) 
which defines the amplitude of the initial imperfections as: 
P = 0.023 -#..JL/ Q      (15) 
 
Where “t” is the thickness of the plate, “.” the strength measured at 0.2% proof strain 
and “6R” the critical stress of the plate given by the Euler buckling formula. The largest 
amplitude of all the plates of the cross-section is the one used in the GMNIA. 
 
Figure 10: LEA Abaqus analysis on a 120x1.75x4.88 (bxtxrm) SHS member using Dawson and Walker amplitude. 
Deformation exaggerated two times. 
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Figure 11: GMNIA Abaqus Analysis on a 120x1.75x4.88 (bxtxrm) SHS member. Deformation exaggerated two 
times. Analysis stopped at 0.3% deformation (peak load already achieved). 
 
4.3.3 ABAQUS plug-in model configuration for the stub column tests 
o Stub column test with fixed supports and member’s length at least three times their 
maximum plate dimension (to allow local buckling) and smaller than 20 times radius 
of gyration (to avoid overall buckling). 
o Enhanced strength in corners neglected. 
o Residual stresses from cold-forming not included due to their small effect on the 
member behaviour as concluded by (Gardner & Cruise, 2009). 
o Residual stresses from fabrication and press-banking also neglected. 
o Isotropic material model with non-linear hardening . 
o Material model: Rasmussen’s modification of Mirambell & Real model, included in 
Annex C of Eurocode 3, part 1-4. The formulation can also be found at section 2.2.2 
of this document. 
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5. PARAMETRIC STUDY 
 
5.1. Materials 
The members analysed are carbon steel, austenitic and ferritic stainless steels. Specimens 
with different material properties have been analysed for each class of steel. All specimens 
have the same yield strength but different ultimate tensile strength. It is worth mentioning 
that to compute the elastic buckling load factor only the elastic modulus, Poisson ratio and 
yield stress are required while on the other side the numerical results computed through 
ABAQUS plug-in depend on a large number of parameters. The modulus of elasticity at origin 
will be taken as 200,000 N/mm
2
 for all specimens. The yield stress is taken as the stress at 
which the member suffers a proof strain of 0.2.  
The difference between austenitic, ferritic and carbon steel is described by the parameter 
“n” which is related to the shape of the stress-strain curve around yielding. Values 5,10 and 
100 are related respectively to austenitic, ferritic and carbon. A large value of “n” leads to a 
sharp corner around yielding and a linear behaviour, on the other side a small value of “n” 
describes a round corner and a non-linear behaviour. To sum up, we are dealing with 12 
different types of materials depending on the ultimate tensile strength and the type of steels 
(identified by the value of “n”), their features are described on table 1. 
Table 1: Materials properties 
Material 
Label 
E0 (N/mm
2
) fy (N/mm
2
) &.(N/mm2) fu (N/mm2) ST n m 
M1 200.000 250 256 275 0.4 5 3 
M2 200.000 250 256 275 0.4 10 3 
M3 200.000 250 262.2 300 0.4 5 3 
M4 200.000 250 262.2 300 0.4 10 3 
M5 200.000 250 275 350 0.4 5 3 
M6 200.000 250 275 350 0.4 10 3 
M7 200.000 250 300 450 0.4 5 3 
M8 200.000 250 300 450 0.4 10 3 
C1 200.000 250 256 275 0.4 100 3 
C2 200.000 250 262.2 300 0.4 100 3 
C3 200.000 250 275 350 0.4 100 3 
C4 200.000 250 300 450 0.4 100 3 
Note that all members are assumed to have a Poisson ratio of 0.3.  
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The values of yield strength and ultimate tensile strength resemble the ones that the 
Eurocode includes. Regarding the austenitic and ferritic stainless steel, as shown on EN 1993 
1-4 table 2.1., there are a considerable amount of grades with yield strength between 200 
and 300 N/mm
2
 and ultimate tensile strength between 380 and 650 N/mm
2
. Both 
characteristics are linked so that a stainless steel with yield strength of 250 N/mm
2
 is 
expected to have an ultimate tensile strength about 450 N/mm
2
 according to the grades 
considered in the Eurocode. The smaller values of ultimate tensile strength considered in 
this project appear to be quite distant to the real values.  
Regarding the carbon steel a reference of the values considered in the Eurocodes can be 
found in the EN 1993 1-1 table 3.1. Note that while the materials considered in the project 
are cold-formed the ones in the mentioned table are hot rolled. The grades considered are 
classified according to the yield strength which may be 235, 275, 355 and 450. Though there 
is not a grade of steel with yield strength 250 it looks like a reasonable value. Respectively to 
grades S 235 and S 275 the ultimate tensile strength is 360 and 430. Therefore, from the 
values of tensile strength considered in the project the ones that resemble to ones in the 
Eurocodes are 350 and 450. However, as shown on EN 1993 1-3 tables 3.1a and 3.1b there is 
a large variety of cold-formed materials depending on the alloy of the steel considered. For 
carbon steel the values considered of yield and ultimate tensile strength cold-formed 
members are the same as for hot rolled and so we can rely on the values previously 
mentioned.  Furthermore, the materials modelled may resemble to other alloys but we will 
focus solely on carbon steel. 
 
5.2. Cross-sections 
The next tables summarize the geometries of the cross-sections analysed. For each cross-
section and type of material the numerical and DSM strength has been computed. Some of 
the specimen’s numerical strength was already computed in (Bock et al., 2013). 
 
Table 2: SHS geometries of the analysed specimens 
h b t rm ri h b t rm ri 
40 40 2 5 4 100 100 2.25 5.63 4.5 
40 40 3 5.5 4 100 100 2.5 6.25 5 
40 40 3 7.5 6 100 100 3 5.5 4 
55 55 1.5 4.25 3.5 100 100 3 7.5 6 
65 65 1.5 4.25 3.5 110 110 2 5 4 
65 65 1.75 4.38 3.5 120 120 2 5 4 
32 
 
70 70 1.5 4.25 3.5 120 120 1.75 4.88 4 
70 70 1.75 4.38 3.5 120 120 1.5 4.75 4 
90 90 1.75 4.38 3.5 130 130 2 5 4 
90 90 2 5 4 140 140 2 5 4 
100 100 2 5 4 
 
Table 3: RHS geometries of the analysed specimens 
h b t rm ri h b t rm ri 
80 60 1.75 4.38 3.5 65 90 1.5 4.75 4 
80 60 2 5 4 50 100 1.75 4.38 3.5 
80 60 2.25 5.63 4.5 50 100 1.5 4.25 3.5 
80 60 3 5.5 4 80 120 2 5.00 4 
80 60 3 7.5 6 80 120 1.75 4.88 4 
65 90 1.75 4.88 4 80 120 1.5 4.75 4 
 
Table 4: Channel without lips geometries of the analysed specimens 
h b tw tf rm h b tw tf rm 
40 30 2 2 5 40 30 1.5 1.5 3.75 
40 30 3 3 7.5 40 30 1.25 1.25 3.125 
60 30 3 3 7.5 40 30 1 1 2.5 
60 35 3 3 7.5 50 40 1.5 1.5 3.75 
80 40 3.25 3.25 8.125 50 40 1.25 1.25 3.125 
80 40 3 3 7.5 50 50 1.5 1.5 3.75 
100 50 3 3 7.5 50 50 1.25 1.25 3.125 
100 50 4 4 10 55 60 1.6 1.6 4 
120 60 3 3 7.5 55 60 1.4 1.4 3.5 
140 60 5 5 12.5 60 70 1.5 1.5 3.75 
160 70 5 5 12.5 70 80 1.75 1.75 4.375 
40 30 1.75 1.75 4.375 
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Table 5: I section geometries of the analysed specimens 
bf hw tf tw bf hw tf tw 
100 50 3 3 70 100 2.25 3 
100 50 2.5 3 70 100 2 3 
100 50 2 3 70 100 1.5 3 
80 40 3 3 70 100 1.25 3 
80 40 2.75 3 80 100 1.5 3 
80 40 3.25 3 80 100 1.25 3 
80 40 3.5 3.5 80 100 0.95 3 
70 40 3.25 3.5 90 100 1.25 3 
70 40 3 3.5 90 100 1 3 
70 40 3.75 4 100 100 1.5 3 
100 80 5.5 4 100 100 1.25 3 
100 80 6 4 100 100 1 3 
 
Figure 12: Geometric parameters description Source: (Bock et al., 2013) 
 
5.3.  Contrast of the DSM results with actual strength for axial loading 
In this section the predicted strength through the DSM (carbon steel formulation) and 
through the Beque formulation for stainless steel columns are compared with the actual 
strength (taken as the computed numerical strength). The most important parameter that 
controls local buckling is the slenderness of the section and so load factors are plot against 
the cross-sectional slenderness. 
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The DSM equations are independent of cross-section shape. All geometric properties are 
accounted for in the slenderness parameter, hence the same design curves apply to 
channels, I-sections and RHS. Therefore the analysed specimens behaviour will be studied 
both segregated by cross-sections type and all together.  
When computing local buckling strength it is crucial to realise that local and overall buckling 
(flexural, torsional or flexural-torsional) interact as it can be observed in the DSM 
formulation. The member’s lengths are three times the largest dimension of the cross 
section, resulting in a very small effect of the overall buckling. Therefore, due to the low 
influence of overall buckling interaction between it and local is rather small and it has been 
ignored. 
Note that in this paper symbols “P” and “N” are used indistinctly. 
 
o DSM carbon steel applied formulation 
Equations 16 to 18 are the ones applied to the specimens to obtain their strength as defined 
in the direct strength method. We will refer to this formulation as the carbon steel one since 
the classic DSM is designed for that type of steel. In the graphics this is represented as the 
continuous blue curve. 
 
for 97 ≤ 0.776 W7 = W         (16) 
for 97 > 0.776 
W7 = X1 − 0.15 
YJL>Y .Z[ 
YJL>Y .Z W      (17) 
Where  97 = \W/W6R7        (18) 
 
o DSM stainless steel applied formulation 
Equations 19 and 20 are the ones applied to the specimens to obtain their strength as 
defined in the Beque, Lecce and Rasmussen proposed formulation. We will refer to this 
formulation as the carbon stainless steel one. In the graphics this is represented as the 
dashed blue curve. 
 
W7 = F W						97 ≤ 0.55
.HI	=> − .=>. W 						97 > 0.55    (19) 
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Where: 
97 = AYYJL      (20) 
 
5.3.1 SHS and RHS graphs 
396 specimens have been analysed. The whole set is characterised by 33 different 
geometries, three different values of “n” (5,10,100) and four values of ultimate tensile 
strength (275, 300, 350, 450). Results are displayed in figures 13, 14 and 15.  
 
Figure 13: Comparison of predictions and actual strength of SHS and RHS specimens of austenitic stainless steel 
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Figure 14: Comparison of predictions and actual strength of SHS and RHS specimens of ferritic stainless steel 
 
 
Figure 15: Comparison of predictions and actual strength of SHS and RHS specimens of carbon steel 
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5.3.2 Channel without lips graphs 
276 specimens have been analysed of 23 different geometries, 4 different values of ultimate 
tensile strength and 3 values of the parameter “n”. 
 
Figure 16: Comparison of predictions and actual strength of lipless channel specimens of austenitic stainless 
steel 
 
Figure 17: Comparison of predictions and actual strength of lipless channel specimens of ferritic stainless steel 
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Figure 18: Comparison of predictions and actual strength of lipless channel specimens of carbon steel 
 
5.3.3 I Section graphs 
288 specimens have been analysed with 24 different geometries, 4 different values of 
ultimate tensile strength and 3 different values of the parameter “n”. 
 
Figure 19: Comparison of predictions and actual strength of I section specimens of austenitic stainless steel 
0
0.2
0.4
0.6
0.8
1
1.2
1.4
0 0.5 1 1.5 2
λ=√(Py/P]l )
n=100
Channel
Pnl/Py (Carbon)
Pnl/Py (Stainless)
Pu,num/Py (fu=275)
Pu,num/Py (fu=300)
Pu,num/Py (fu=350)
Pu,num/Py (fu=450)
0
0.2
0.4
0.6
0.8
1
1.2
1.4
0 0.5 1 1.5 2
λ=√(Py/P]l )
n=5
I-Section
Pnl/Py (Carbon)
Pnl/Py (Stainless)
Pu,num/Py (fu=275)
Pu,num/Py (fu=300)
Pu,num/Py (fu=350)
Pu,num/Py (fu=450)
39 
 
 
Figure 20: Comparison of predictions and actual strength of I section specimens of ferritic stainless steel 
 
Figure 21: Comparison of predictions and actual strength of I section specimens of carbon steel 
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5.3.4 All section types together graphs 
In this section all the data shown in graphs from the previous sections are represented in a 
set of graphics which only distinguishes the type of steel, not the type of cross sections. 
 
Figure 22: Comparison of predictions and actual strength of SHS, RHS, Channel and I section specimens of 
austenitic stainless steel 
 
Figure 23: Comparison of predictions and actual strength of SHS, RHS, Channel and I section specimens of 
ferritic stainless steel 
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Figure 24: Comparison of predictions and actual strength of SHS, RHS, Channel and I section specimens of 
carbon steel 
 
5.3.5 Analysis and conclusions 
o General observations 
We can distinguish two different behaviours depending on if the specimen failure load is 
smaller or larger than the plastic resistance load. The ultimate tensile strength has no 
influence on specimens which local buckling failure load is smaller than their plastic 
resistance (“Ny” or “Py”). However, it does affect the ultimate load when members fail at a 
load larger than the plastic resistance. Logically, as the ultimate tensile strength increases so 
does the load at which failure occurs. It is also worth mentioning that as sections become 
stockier the influence of this feature becomes more important. The reason behind this 
change in behaviour is due to that specimens that fail due local buckling below plastic 
resistance do not reach strain hardening and so the ultimate tensile strength has no 
influence. Local buckling may occur after plastic resistance load is achieved as member 
undergoes hardening, that’s why influence increases as sections become stockier and 
differences between load factors shall become constant when specimens fail due section 
squashing. The DSM does not include any provision for this and considers that sections fail 
when they reach plastic resistance giving conservative predictions for those cases. 
o RHS and SHS results 
From figures 13 to 15 we can extract a few conclusions about the local buckling 
phenomenon of SHS and RHS and about the accuracy of the DSM equations. 
First of all we can observe in figure 13 that from cross-sectional slenderness 0.6 to 0.9 the 
strength of RHS and SHS austenitic specimens is clearly underestimated by the DSM stainless 
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equation; that difference is about the 5 to 10% the yield load. However from 0.9 on the 
strength values fall very close to the DSM stainless equation. 
Secondly, it can be observed in the figures that the DSM equations for carbon steel predict 
accurately carbon steel (n=100) strength but overestimates the strength of stainless steel. As 
the parameter “n” decreases and the material becomes more non-linear (stainless alike), the 
predictions of the DSM equation for carbon steel get worse. 
As mentioned, stainless steel predictions are quite accurate for austenitic steel, however as 
parameter “n” increases and material becomes alike to carbon predictions become 
conservative. Therefore, the stainless steel DSM equation gives a somewhat conservative 
estimation of the strength of ferritic members, and obviously a large underestimation of 
carbon steel members. 
It is also worth mentioning that among all the types of steel studied the ferritic data shows a 
shape very similar to the DSM curves, significantly more similar than austenitic and carbon. 
To sum up, DSM carbon steel predictions should only be used for carbon steel members and 
the DSM stainless steel only for austenitic and ferritic steel. However not all ferritic steel 
capacity is used with that equation. 
o Channel sections results 
Results of channel sections resemble in some ways the ones of RHS and SHS. Figures 16 to 
18 are the ones on which the following conclusions rely on. 
The most important aspect of the Channel sections in contrast with the RHS and SHS is that 
Channel specimens appear to be characterized by a significantly larger ultimate load to yield 
load ratio at a given cross-sectional slenderness. In all three graphics the DSM stainless 
equation appears to be useless since all the specimens fall above the DSM carbon equation. 
Even more, the stainless specimens, both austenitic and ferritic, fall very close to the DSM 
carbon equation. Regarding the carbon steel specimens all points fall above the curve, so it 
would be conservative to design channel stainless steel members with the DSM carbon 
equation.  
Another relevant aspect is that all specimens keep a tight correlation with the DSM 
equations, even though there is a very significant gap between the data and the equations 
both of them have the same shape. 
Those results show the relevance of section prequalification which should enable the 
designer to take advantage of this extra strength shown by some section geometries as 
mentioned in section 3.1 of this research paper. 
o I-sections results 
Results of I-sections are shown in figures 19 to 21. 
The most important aspect to highlight of the analysed specimens is that the failure load to 
yield load ratio, appears to be independent of the cross-sectional slenderness from the value 
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1.0 onwards.  As it can be seen in all three figures the ratio remains quite constant about 0.8 
(depending on the type of steel, larger for carbon than the stainless ones). A more 
exhaustive research has been undertaken to either dismiss or accept this data. 
The amplitude of the initial imperfection is difficult to quantify, there is little certainty that 
the Dawson and Walker model (1972) gives an accurate value of that amplitude. A plausible 
explanation could be that the Dawson and Walker model predicts a smaller value than the 
real one for the mentioned specimens. If this is the case when imposing a larger 
imperfection the ultimate load would decrease and so the failure load to yield load ratio. The 
most slender member ultimate load has been calculated several times with different 
amplitude of imperfections, table 6 summarizes the results. 
 
Table 6: Effect of the initial imperfection on the ultimate load of a 100x100x1x3 I-section austenitic steel 
 
 
From all the analysed specimens (of all geometries) the largest initial imperfection was taken 
around 0.5 so we estimate that it is not reasonable to go much further this value. For this 
specimen the expected ultimate load to yield load ratio is between 0.5 and 0.6. As it can be 
observed for larger amplitudes than the Dawson and Walker the ratio appears to be quite 
constant until very large amplitudes are reached which we consider unrealistic. Meanwhile 
for smaller amplitudes the ratio does increase. Other specimens have been studied providing 
the same results. Therefore, the Dawson and Walker model appears to be good to quantify 
the initial imperfection amplitude for those specimens. As shown in (Saliba & Gardner, 2013) 
table 9 the Dawson and Walker value for imperfection amplitude on I-sections stub column 
test appears to be accurate and on the safe side. 
Another feature has been analysed in order to spot an error that could explain the behaviour 
of those specimens. Figure 25 plots the axial strain-stress (in the axial direction) relationship 
of the stub column test of several I-section specimens obtained through the GMNIA analysis. 
 
 
Imperfection 
Amplitude 
(mm) 
Nnum 
(kN) 
Nnum/Ny 
 0.087 98.3 0.791 
D&W 0.17401 93.3 0.751 
 0.34802 91.4 0.736 
 0.522 93.7 0.754 
 1.044 93.9 0.756 
 1.914 90 0.724 
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Figure 25: strain-stress graphic obtained through the GMNIA analysis data of Abaqus 
 
The geometry and material properties of the specimens of figure 25 can be found in the 
annex 2 of this research project with the same label. The last six specimens on figure 25 
(from I19 to I24) are the ones that give singular large ultimate load to yield load ratios. 
Apparently all the stub column tests look all right; the curves are smooth and look quite alike 
one to the others. In some cases (not ours) it has been observed that the analysis 
malfunctions (due to a bad setting of parameters) and a sudden decrease of stress after 
peak load giving a sharp corner. However this is not the case, therefore there is no 
justification for a program malfunction.  
A plausible explanation of those results is given in section 2.1 of this research project: 
“…when designing very slender cross-sections the DSM provides very conservative results, 
hence uneconomical. That’s a consequence that the DSM analyses the cross-section as a 
single element, if a small slender element buckles the DSM will assume that all section 
suffers buckling.”  As shown on table 5 the most slender analysed I-sections specimens have 
very thin flanges compared to the web thickness. So the DSM may be assuming that the 
whole section is failing because the flanges have reached their ultimate strength even 
though the web still holds. 
To find out whether the obtained results are representative more specimens of different 
geometries should be analysed, otherwise we could be justifying unconservative designs. As 
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a matter of fact I-sections usually have thick flanges and thin webs, the opposite of the ones 
we have analysed. 
Given that issue we will focus on the rest of the data, more specifically on the I-section 
specimens with a cross-sectional slenderness smaller than 1.0 which strength has shown to 
be dependent on it. 
Finally, the DSM carbon equation predicts quite well the I-section carbon specimens though 
there is a slight overestimation in the mid slenderness specimens. Regarding the stainless 
steels, austenitic and ferritic steel have a similar behaviour which is well represented by the 
DSM stainless steel equation though quite excessively conservative. 
o All section types together results 
In figures 22 to 24 all data regardless of the type of cross-section is shown. The DSM aims to 
give a quite accurate estimation of the strength of any specimen regardless of the shape of 
its cross-section. As it can be observed this is achieved by defining an equation which curve 
looks like the lower boundary of the strength of all analysed specimens. It is worth 
mentioning that results are quite dispersed due to the mixing of type of cross-sections. This 
enlightens once again the relevance of section prequalification to take advantage of those 
specimens that show more strength than the predicted by the DSM. 
Should we dismiss I-section specimens which strength is independent of the cross-sectional 
slenderness (above 1.0), we could state that the DSM carbon and stainless equations give 
fine results, rather conservative in some specific cases due to the type of cross-section. We 
could also conclude that ferritic stainless steel equation could be improved to take 
advantage of their extra capacity; this is significant in the whole range of cross-sectional 
slenderness, as it can be observed the design equation for ferritic steel could be taken as the 
stainless DSM displaced to fill the gap as they both, equation and data, display the same 
curve shape. 
o Conclusions 
The cross-sectional slenderness is intimately related to the local buckling phenomena, the 
strength is correlated with the slenderness and empirical equations can be derived such as 
the ones of the DSM. However those equations do not fully represent the non-linear 
behaviour of cold-formed members. For instance, as it has been observed, regardless of the 
cross-sectional slenderness the type of section does have some influence on the strength, 
also data does not always display the same curve as the DSM. 
From the analysed data we can conclude that to deliver an accurate prediction the 
parameter “n” (which is related to the shape of the stress-strain curve around yielding) that 
differentiates types of steel should be taken into account in the formulation. Austenitic steel 
is quite well represented by the DSM stainless equation and so is carbon steel by the DSM 
carbon equation. However, another equation could be derived for the ferritic steel 
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members. Alternatively, instead of introducing the parameter “n” it could be derived an 
equation solely for the ferritic stainless steel members. 
Also as mentioned at the beginning of this section the ultimate tensile strength is a 
determinant factor of the ultimate load for stocky members and should be taken into 
account in some manner to enable a more efficient design since the DSM has been proven to 
underestimate significantly the strength of such members. 
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6. NEW FORMULATION 
 
6.1 Ferritic stainless steel proposed formulation 
As we have seen in figures 22, 23 and 24 there is a dependency of the strength to 
slenderness relationship with the type of steel. The ferritic stainless steel members (figure 
23) fall somewhere between the DSM equation for carbon steel and the DSM for stainless 
steel. The dots that represent the data describe the same shape as the design curves. 
Therefore, a more efficient design equation has been derived by proposing a set of values 
for the parameters of Bezkorovainy et al. generic formulation (equations 8, 9, 10 and 11) to 
predict the local buckling strength of stainless steel plates. (α = 1.023, β = 0.237) 
  
W7 = F W						97 ≤ 0.67
&.^	=> − .^_=>. W 						97 > 0.67   (32) 
Where: 
97 = AYYJL      (33) 
 
 
Figure 26: Comparison of predictions and actual strength of SHS, RHS, Channel and I section specimens of 
ferritic stainless steel 
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It is important to point out that the DSM stainless steel equations formulated by Beque do 
not include section prequalification safety factors. Derivation of those for both austenitic 
and ferritic stainless steel members shall be object of future research. 
 
6.2 The CSM for structural stainless steel design 
One of the aspects that differentiate stainless steel from carbon steel is that the first one has 
a significant strain hardening behaviour. The current design methods for stainless steel are 
emulated from the ones of carbon steel which work on a perfectly plastic material model. 
Those models fail to predict the true ultimate strength of stocky stainless steel members 
that fail beyond the point of plastic resistance as it has been shown in the previous sections 
and highlighted in conclusions of section 5.3.5. 
In this section we will study the predictions of a new method to which we will refer as “The 
continuous strength method for structural stainless steel design” which takes into account 
the strain hardening properties of stainless steel to provide more efficient predictions of the 
strength of stocky sections. The whole method was published by (S. Afshan, L. Gardner, 
2013). 
 
6.2.1 The continuous strength method for structural hardening steel design 
The continuous strength method (CSM) has its foundations in the computation of strains in 
opposition to other methods as the effective width method which is based on the 
computation of an effective section or the direct method which computes all section 
instabilities. 
The CSM relies on a base curve that defines the level of strain that a cross-section can carry 
in a normalised form and on a material model which allows for strain hardening. 
 
o Base curve 
The CSM relates the cross-section resistance to its deformation capacity which is controlled 
by its slenderness and its susceptibility to local buckling effects. Its deformation capacity, 
and therefore its slenderness, is crucial to determine the strain hardening that the cross-
section can undergo before it suffers from local buckling. 
The cross-section slenderness for the CSM is defined as the root of the yield stress over the 
critical elastic buckling stress and all multiplied by the maximum flat to centreline width 
ratio. It resembles the slenderness of the DSM. The maximum flat to centreline width ratio is 
included to maintain consistency with the Eurocodes (EN 1993 1-4 and EN 1993 1-5) which 
base the slenderness definition on the flat element widths.  
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96` = A JL,Ja -6b>cd6J> /ef     (21) 
 
The base curve proposed to determine the permitted strain is based on an experimental 
database of stainless steel stub columns and 4 points bending tests, the results were plot 
against the previously defined equation and a regression fit was performed. The curve is 
limited to elements which would undergo some hardening before failure occurs; this value is 
estimated as 0.68. The resulting equation is presented: 
 
gJahg = .I=Jai.j 						96` ≤ 0.68     (22) 
 
If 96` @ 0.68  CSM for structural stainless steel does not apply. 
Two upper bounds are defined. One limits the deformation capacity ratio to 15 to fit with 
the material ductility requirements defined in EN 1993-1-1. The other is related to the 
adopted stress-strain material model and ensures that there is no over-prediction of the 
cross-section resistance. 
gJahg ≤ min 
15, .&gg     (23) 
 
 
o Material model 
Regarding the material model, the CSM employs a bilinear model which is made up of a 
linear elastic curve plus a linear hardening curve, an example is provided in figure 27.  
 
Figure 27: Material model of the CSM 
51 
 
 
As commented the CSM imposes restrictions on the permitted deformation to account for 
ductility requirements and instabilities. This is translated into a critical stress method strain 
(6`), from which we can determine a critical stress method stress (6`) through the 
bilinear material model as shown in figure 27. As part of the material model the method also 
includes a definition of the young modulus in the strain hardening part of the curve and an 
equation to compute the ultimate strain. 
 
 = 1 −       (24) %`o = .&pgg    (25) 
 
o Cross-section compression and bending resistance  
Given the previous equations the enhanced compression strength for non-slender elements 
(96` ≤ 0.68) can be easily computed as it follows: 
 
6` =  + %`o 
gJahg − 1    (26) 56,!q = 56`,!q = rJahstu     (27) 
 
As previously mentioned all those equations are taken from (S. Afshan, L. Gardner, 2013). 
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6.2.2 Comparison CSM with compression test data 
 
Figure 28: Comparison of the ultimate loading (dots) with the predicted strength by the CSM (dashed lines) of austenitic steels with different ultimate tensile strength 
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Figure 29: Comparison of the ultimate loading (dots) with the predicted strength by the CSM (dashed lines) of ferritic steels with different ultimate tensile strength 
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Figure 30: Comparison of the ultimate loading (dots) with the predicted strength by the CSM (dashed lines) of carbon steels with different ultimate tensile strength 
0.8
0.9
1
1.1
1.2
1.3
1.4
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
λ=√(Py/P]l)·(Cflat/Ccl)max
n=100
SHS, RHS,
Channels,
I sections
Pu,num/Py (fu=275)
Pu,num/Py (fu=300)
Pu,num/Py (fu=350)
Pu,num/Py (fu=450)
Pc,Rd/Py (fu=275)
Pc,Rd/Py (fu=300)
Pc,Rd/Py (fu=350)
Pc,Rd/Py (fu=450)
55 
 
6.2.3 Analysis and conclusions 
In this section the results from the previous graphics are analysed. 
The first and most obvious conclusion that we can obtain is that the CSM for structural 
stainless steel is not suited for carbon steels, proof of that is that predicted strengths of the 
CSM are very different from the actual strength as shown in figure 30. The reason why 
carbon steel strength is overestimated may lay on the differences between the modelled 
strain hardening and the real one. In the next section this will be studied. In any case, the 
CSM clearly overestimates the strength of all specimens from a slenderness range from 0.25 
to 0.45. Even though the strengths of the steels with ultimate tensile stress of 275 N/mm
2
 
are not overestimated this is of very little use since its yield strength (250 N/mm
2
) is very 
close to the ultimate tensile strength, its consequence is that the difference between the 
yield and the ultimate load is not even the 6% of the yield load. 
Regarding the austenitic and ferritic steels, the CSM enables us to perform a safe and more 
efficient design. As shown on figures 28 and 29 failure loads fall over the predicted strengths 
for all the ultimate tensile strengths. As it can be observed the behaviour of the analysed 
specimens changes according to the slenderness: for large slenderness the strengths have a 
very slight dependence on the ultimate tensile strength because local buckling failure is only 
dependent on the yield strength and not on the ultimate tensile strength. It can be 
determined an intermediate region of the cross-section slenderness where specimens 
exceed the plastic resistance load, then loading carries on relying on the hardening 
properties of the material to finally fail due local buckling, which is reached before section 
squashing. We can identify this region with the one where the specimen’s strength (dots) to 
slenderness relationship is not constant. As the cross-sectional slenderness decreases the 
strength becomes more ultimate tensile strength dependent and so does the predicted 
strengths by the CSM. Is it fair to say that for mid slenderness (say from 0.4 to 0.6) the range 
of ultimate loads is quite wide and disperse, it would be hard to create an accurate set of 
equations to predict them. Therefore, we consider that the equations prediction, which 
resembles to a lower boundary of all the specimens’ strength, is a good estimation. 
For small slenderness the CSM limits the design strength (equation becomes a straight line) 
to ensure that strains are bounded within the limits defined in the Eurocode and that there 
is no overestimation of strength due to the bilinear material model adopted (equation 23). 
Lastly, the specimens with ultimate tensile stress 450 N/mm
2
 are characterized by a failure 
load quite larger than the predicted load by the CSM for the whole range of slenderness 
analysed, as it can be observed in figures 28 and 29. Differences are quantified around the 
10% of the yield strength; however in the very stocky area this cannot be captured by the 
CSM equations due to the bounds mentioned in the previous paragraph. Nonetheless 
predictions could be improved for mid slenderness. 
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6.2.4 CSM for structural stainless steel on carbon steel specimens 
As we have seen in the previous sections the CSM for structural stainless steel does not 
predict accurately the strength of carbon steel members. In figure 30 we can observe that it 
overestimates significantly the strength of carbon specimens. 
This is due to the imposed bilinear model of the strain-stress relationship which 
overestimates the strain hardening of carbon steel which is in fact nearly irrelevant. The 
following figures exhibit the stress-strain relationship of the CSM bilinear model (see 
equations 24 and 25) and the Ramberg-Osgood model (see equations 6 and 7).  
In figures 31, 32 and 33 the material modelled is characterized by a yield strength of 250 
N/mm
2
, a ultimate tensile strength of 300 N/mm
2
 and a Young modulus of 200.000 N/mm
2
. 
 
 
 
Figure 31: strain-stress relationship of austenitic stainless steel (n=5) 
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Figure 32: strain-stress relationship of ferritic stainless steel (n=10)  
 
Figure 33: strain-stress relationship of carbon steel (n=100) 
Figures 31 and 32 are quite similar and we can observe that strain levels of the CSM and the 
Ramberg-Osgood models are within the same order of magnitude for both austenitic and 
ferritic stainless steel. A closer look reveals that the CSM bilinear model estimates smaller 
strain values than the Ramberg-Osgood before yielding but once this one is reached strains 
of the CSM model increase very fast surprising the ones of the Ramberg-Osgood model. 
On the other side the CSM strain-stress model greatly overestimates the strain-hardening of 
carbon steel. Once yielding is reached the Ramberg-Osgood model shows a sudden change 
in behaviour so that the member suffers very large deformations. This is not well 
represented by the CSM model which even though recognizes a change in the behaviour it 
makes an extremely deficient prediction for carbon steel. 
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In conclusion, the CSM for structural stainless steel strain-stress model formulation fits only 
for stainless steel specimens. The problem lies within the strain hardening elastic modulus 
formulation which gives too large values for carbon steel.  
 
6.3 Adaptation of the CSM for structural stainless steel design to ferritic and carbon steel 
To fix the issue exposed in section 6.1.4 an alternative formulation (which keeps the bi-linear 
model) to equations 24 and 25 that has been proposed. Its goal is to obtain an improved fit 
with the experimental data in order to allow for a more efficient design. 
 
o Austenitic-duplex 
 = 1 −       (28) %`o = .gg    (29) 
 
o Ferritic-Carbon 
 = 0.55 − 0.56     (30) %`o = .^&gg    (31) 
 
 
As figures 34 to 36 show the proposed equations work fine and safely for any type of 
austenitic or ferritic steel. However it appears to be unsafe for carbon steels characterized 
by a large ultimate tensile strength. 
Figures 34, 35 and 36 show the result of applying these equations to the same specimens 
with which figures 28, 29 and 30 were elaborated. The data of both sets of graphics has been 
compared in order to find out if it is worth to apply equations 28, 29 and equations 30, 31. 
After comparing figures 28 and 34 we estimate that the original equations are more efficient 
to design austenitic steel members. Even though there are two specimens that fall slightly 
below the design curve in figure 28 (belonging to specimens with ultimate tensile strength 
300 N/mm
2
) equations 28 and 29 lead to very conservative predictions compared to the 
results of equations 24 and 25 which are quite accurate. Furthermore a ultimate tensile 
strength of 300 N/mm
2
 do not correspond to any grade of austenitic of ferritic steel as 
mentioned in section 5.1 of this paper.  
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The conclusions obtained after comparing the results of the original and proposed equations 
on ferritic members (figures 29 and 35) are the same as for the austenitic members, the 
original equation gives a more accurate prediction.  
Regarding the carbon specimens, both the original and proposed are worthless for 
specimens with large ultimate tensile strength. Nonetheless the new set of equations 
appears to be useful to design specimens with a ultimate tensile strength of 275 and 300. 
However, as explained in section 5.1. those values do not correspond to a ultimate tensile 
strength any grade of carbon steel and the gained strength is quite small, up to the 7% of the 
yield strength. 
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Figure 34: Comparison of the ultimate load of austenitic steel members with the predicted strength by the adapted CSM for austenitic and duplex steels 
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Figure 35: Comparison of the ultimate loads of ferritic steel members with the predicted strength by the adapted CSM for ferritic and carbon steels 
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Figure 36: Comparison of the ultimate loads of carbon steel members with the predicted strength by the adapted CSM for ferritic and carbon steels
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7. CONCLUSIONS 
 The direct strength method is a very fast design procedure compared to the 
effective width method. Nonetheless it relies substantially on experimentation. 
The equations of the DSM are derived from considering members of various 
types of cross-sections; the method captures this feature through the cross-
sectional slenderness which intends to take into account all geometrical 
properties. The DSM defines an equation that links strength with cross-
sectional slenderness. Results show that the DSM does not capture with all 
accuracy the behaviour of the different specimens; it fixes it by providing 
excessively conservative estimations to make up for the most restrictive cases. 
As we have seen depending on the type of section the results vary, this is 
especially significant for channel sections for which the DSM provides an over 
conservative design. To work out this issue and provide the means to perform 
an efficient design section prequalification crucial as conceived in the AISI 
appendix 1. 
 
 The DSM as formulated by Schafer and included in the AISI works well to design 
carbon members, however its application on austenitic and ferritic stainless 
columns provides significantly unconservative results. The formulation 
proposed by Beque to adapt the DSM for stainless steel estimates well the 
strength of austenitic members. Nonetheless its application on ferritic 
members is quite conservative. An alternative formulation has been proposed 
to estimate the strength of ferritic stainless steel columns. Its results appear to 
be reliable. 
 
 Stainless steel columns strength also depends on the type of cross-section and 
Beque’s formulation for the DSM does not capture this feature. Further 
investigation on section prequalification of stainless steel (austenitic and 
ferritic) members appears to be worth it to provide the means for a more 
efficient design throughout the DSM. 
 
 The ultimate tensile strength has been found to have a large influence on the 
ultimate load of very stocky sections while it is completely irrelevant to 
determine the ultimate load of slender sections which local buckling load is 
smaller than the plastic resistance. Therefore, this characteristic should be 
taken into account towards determining the ultimate load of stocky elements. 
The DSM ignores this feature and assumes that members fail when plastic 
resistance is reached while the CSM for structural stainless steel does includes 
it in its formulation enabling a more efficient design. 
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 The CSM for structural stainless steel requires the computation of the cross-
sectional slenderness of the member the engineer wants to assess, just like the 
DSM. Apart from this (which can be solved with free and simple software) the 
rest of calculations are quick and easy. This method works well for both 
austenitic and ferritic stainless steel members, it is a safe method and strength 
is enhanced up to the 20% of the yield strength. Therefore its use on austenitic 
and ferritic stainless steel members is very advisable. 
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ANNEX 1 – THE DIRECT STRENGTH METHOD 
 
(As excerpted from Appendix 1 of the North American Specification for the Design of Cold-
Formed Steel Structural Members) 
 
1.2.1 Column Design  
 
The nominal axial strength, Pn, is the minimum of Pne, Pnl and Pnd as given below. For 
columns meeting the geometric and material criteria of Section 1.1.1.1, Ωc and φc are as 
follows: 
USA and Mexico Canada 
Ωc (ASD) φc (LRFD) φc (LSD) 
1.80 0.85 0.80 
For all other columns, Ω and φ of Section A1.1(b) apply. 
 
1.2.1.1 Flexural, Torsional, or Torsional-Flexural Buckling 
 
The nominal axial strength, Pne, for flexural, torsional, or torsional- flexural buckling is 
for        
          
  
 
          (1.2.1.1) 
for        
     
     
  
           (1.2.1.2) 
Where     √             (1.2.1.3) 
                (1.2.1.4) 
      Minimum of the critical elastic column buckling load in flexural, 
torsional, or torsional-flexural buckling determined in accordance with 
section 1.1.2 
 
1.2.1.2 Local Buckling  
 
The nominal axial strength, Pnl, for local buckling is  
for          
               (1.2.1.5) 
for          
    [      (
    
   
)
   
] (
    
   
)
   
       (1.2.1.6) 
Where     √              (1.2.1.7) 
      Critical elastic local column buckling load determined in accordance 
with 1.1.2 
    is defined in section 1.2.1.1. 
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1.2.1.3 Distortional Buckling  
 
The nominal axial strength, Pnd, for distortional buckling is 
for          
              (1.2.1.8) 
for          
    [      (
    
  
)
   
] (
    
  
)
   
      (1.2.1.9) 
Where     √             (1.2.1.10) 
      Critical elastic distortional column buckling load determined in 
accordance with 1.1.2 
   is given in section 1.2.1.4. 
 
1.2.2 Beam Design  
 
The nominal flexural strength, Mn, is the minimum of Mne, Mnl and Mnd as given below. 
For beams meeting the geometric and material criteria of Section 1.1.1.2, Ωb and φb are as 
follows: 
USA and Mexico Canada 
Ωb (ASD) φb (LRFD) φb (LSD) 
1.67 0.90 0.85 
For all other beams, Ω and φ of Section A1.1(b) apply. 
 
 
1.2.2.1 Lateral-Torsional Buckling  
The nominal flexural strength, Mne, for lateral-torsional buckling is 
for            
                (1.2.2.1) 
for                    
    
  
 
  (  
    
      
)     (1.2.2.2) 
for            
              (1.2.2.3) 
Where        , where Sf is the gross section modulus referenced to the extreme    
fiber in first yield         (1.2.2.4) 
      Critical elastic lateral-torsional buckling moment determined in 
accordance with 1.1.2       
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1.2.2.2 Local Buckling  
 
The nominal flexural strength, Mnl, for local buckling is 
for          
               (1.2.2.5) 
for          
    [      (
    
   
)
   
] (
    
   
)
   
       (1.2.2.6) 
Where     √              (1.2.2.7) 
      Critical elastic local buckling moment determined in accordance with 
1.1.2 
    is defined in section 1.2.2.1. 
 
 
1.2.2.3 Distortional Buckling  
 
The nominal flexural strength, Mnd, for distortional buckling is 
for          
              (1.2.2.8) 
for          
    [      (
    
  
)
   
] (
    
   
)
   
      (1.2.2.9) 
Where     √             (1.2.2.10) 
      Critical elastic distortional column buckling load determined in 
accordance with 1.1.2 
   is given in section 1.2.2.4. 
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ANNEX 2 – PARAMETRICAL STUDY DATA 
 
This annex contains the data relative to the specimens characterized in section 5 necessary 
to elaborate the graphics in the same section of the research paper. For each specimen the 
numerical strength, the strength computed through the DSM and the cross-sectional 
slenderness is given as well as some auxiliary data. This includes the results of the CUFSM 
used to compute the cross-sectional slenderness. 
The first element of the specimen’s label corresponds to the type of cross section (S for SHS, 
R for RHS, C for Channel section and I for I-section). The second element corresponds to the 
cross-section geometry also given in the second column of the annex and in table 2, 3, 4 and 
5 of the research paper. The latest two elements of the specimen’s label correspond to the 
material properties shown on table 1 of the research paper. 
The data is organized in three tables, table 1 for SHS and RHS, table 2 for Channel sections 
and table 3 for I-sections. 
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Specimen 
Cross-section properties (mm) Material Numerical Results A·σ0.2 
(kN) 
CUFSM cross-
sectional 
slenderness 
√(Ny/Ncr ) 
DSM 
h b t rm ri Ag (mm2) 
σu 
(MPa) n 
Nu,num 
(kN) ξcr (%) 
h-w 
length 
(mm) 
Ncr/Ny Ncr (kN) CARBON Nnl 
STAINLESS 
Nnl 
S1M1 40 40 2 5 4 302.83 275 5 81.17 0.6048 75.7 40 7.84 588.43 0.3586 75.7 75.7 
S1M3 40 40 2 5 4 302.83 300 5 83.79 0.6048 75.7 40 7.84 588.43 0.3586 75.7 75.7 
S1M5 40 40 2 5 4 302.83 350 5 89.46 0.6048 75.7 40 7.84 588.43 0.3586 75.7 75.7 
S1M7 40 40 2 5 4 302.83 450 5 99.65 0.6048 75.7 40 7.84 588.43 0.3586 75.7 75.7 
S2M1 40 40 3 5 4 451.67 275 5 123.33 1.2923 112.9 40 17.59 1967.22 0.2395 112.9 112.9 
S2M3 40 40 3 5 4 451.67 300 5 128.12 1.2923 112.9 40 17.59 1967.22 0.2395 112.9 112.9 
S2M5 40 40 3 5 4 451.67 350 5 138.88 1.2923 112.9 40 17.59 1967.22 0.2395 112.9 112.9 
S2M7 40 40 3 5 4 451.67 450 5 161.35 1.2923 112.9 40 17.59 1967.22 0.2395 112.9 112.9 
S3M1 40 40 3 7 6 441.37 275 5 120.56 1.3969 110.3 40 19.91 2167.7 0.2255 110.3 110.3 
S3M3 40 40 3 7 6 441.37 300 5 125.24 1.3969 110.3 40 19.91 2167.7 0.2255 110.3 110.3 
S3M5 40 40 3 7 6 441.37 350 5 135.89 1.3969 110.3 40 19.91 2167.7 0.2255 110.3 110.3 
S3M7 40 40 3 7 6 441.37 450 5 158.37 1.3969 110.3 40 19.91 2167.7 0.2255 110.3 110.3 
S4M1 55 55 1 4 3 319.06 275 5 82.77 0.2452 79.8 55 2.25 178.54 0.6685 79.8 74.21 
S4M3 55 55 1 4 3 319.06 300 5 82.88 0.2452 79.8 55 2.25 178.54 0.6685 79.8 74.21 
S4M5 55 55 1 4 3 319.06 350 5 83.92 0.2452 79.8 55 2.25 178.54 0.6685 79.8 74.21 
S4M7 55 55 1 4 3 319.06 450 5 85.69 0.2452 79.8 55 2.25 178.54 0.6685 79.8 74.21 
S5M1 65 65 1 4 3 379.06 275 5 85.9 0.2062 94.8 65 1.59 150.02 0.7949 93.51 80.4 
S5M3 65 65 1 4 3 379.06 300 5 86.21 0.2062 94.8 65 1.59 150.02 0.7949 93.51 80.4 
S5M5 65 65 1 4 3 379.06 350 5 87.36 0.2062 94.8 65 1.59 150.02 0.7949 93.51 80.4 
S5M7 65 65 1 4 3 379.06 450 5 86.11 0.2062 94.8 65 1.59 150.02 0.7949 93.51 80.4 
S6M1 65 65 1 4 3 441.86 275 5 114.64 0.2788 110.5 65 2.14 235.45 0.6850 110.5 101.54 
S6M3 65 65 1 4 3 441.86 300 5 114.64 0.2788 110.5 65 2.14 235.45 0.6850 110.5 101.54 
S6M5 65 65 1 4 3 441.86 350 5 114.85 0.2788 110.5 65 2.14 235.45 0.6850 110.5 101.54 
S6M7 65 65 1 4 3 441.86 450 5 115.58 0.2788 110.5 65 2.14 235.45 0.6850 110.5 101.54 
S7M1 70 70 1 4 3 409.06 275 5 89.76 0.1911 102.3 70 1.36 138.52 0.8593 96.06 82.73 
S7M3 70 70 1 4 3 409.06 300 5 90.49 0.1911 102.3 70 1.36 138.52 0.8593 96.06 82.73 
S7M5 70 70 1 4 3 409.06 350 5 91.32 0.1911 102.3 70 1.36 138.52 0.8593 96.06 82.73 
S7M7 70 70 1 4 3 409.06 450 5 89.13 0.1911 102.3 70 1.36 138.52 0.8593 96.06 82.73 
S8M1 70 70 1 4 3 476.86 275 5 120.08 0.2585 119.2 70 1.84 218.54 0.7385 119.2 105.35 
S8M3 70 70 1 4 3 476.86 300 5 120.19 0.2585 119.2 70 1.84 218.54 0.7385 119.2 105.35 
S8M5 70 70 1 4 3 476.86 350 5 120.29 0.2585 119.2 70 1.84 218.54 0.7385 119.2 105.35 
S8M7 70 70 1 4 3 476.86 450 5 115.9 0.2585 119.2 70 1.84 218.54 0.7385 119.2 105.35 
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Specimen 
Cross-section properties (mm) Material Numerical Results A·σ0.2 
(kN) 
CUFSM cross-
sectional 
slenderness 
√(Ny/Ncr ) 
DSM 
h b t rm ri Ag (mm2) 
σu 
(MPa) n 
Nu,num 
(kN) ξcr (%) 
h-w 
length 
(mm) 
Ncr/Ny Ncr (kN) CARBON Nnl 
STAINLESS 
Nnl 
S9M1 90 90 1 4 3 616.86 275 5 121.34 0.2004 154.2 90 1.1 169.15 0.9547 135.23 116.32 
S9M3 90 90 1 4 3 616.86 300 5 120.19 0.2004 154.2 90 1.1 169.15 0.9547 135.23 116.32 
S9M5 90 90 1 4 3 616.86 350 5 120.08 0.2004 154.2 90 1.1 169.15 0.9547 135.23 116.32 
S9M7 90 90 1 4 3 616.86 450 5 120.29 0.2004 154.2 90 1.1 169.15 0.9547 135.23 116.32 
S10M1 90 90 2 5 4 702.83 275 5 158.76 0.2622 175.7 90 1.45 253.82 0.8319 168.37 144.94 
S10M3 90 90 2 5 4 702.83 300 5 158.13 0.2622 175.7 90 1.45 253.82 0.8319 168.37 144.94 
S10M5 90 90 2 5 4 702.83 350 5 158.34 0.2622 175.7 90 1.45 253.82 0.8319 168.37 144.94 
S10M7 90 90 2 5 4 702.83 450 5 161.07 0.2622 175.7 90 1.45 253.82 0.8319 168.37 144.94 
S11M1 100 100 2 5 4 782.83 275 5 161.81 0.2357 195.7 100 1.17 228.21 0.9260 175.1 150.72 
S11M3 100 100 2 5 4 782.83 300 5 161.81 0.2357 195.7 100 1.17 228.21 0.9260 175.1 150.72 
S11M5 100 100 2 5 4 782.83 350 5 161.81 0.2357 195.7 100 1.17 228.21 0.9260 175.1 150.72 
S11M7 100 100 2 5 4 782.83 450 5 161.81 0.2357 195.7 100 1.17 228.21 0.9260 175.1 150.72 
S12M1 100 100 2 5 4 878.27 275 5 199.42 0.2986 219.6 100 1.48 323.86 0.8234 211.8 182.29 
S12M3 100 100 2 5 4 878.27 300 5 199.31 0.2986 219.6 100 1.48 323.86 0.8234 211.8 182.29 
S12M5 100 100 2 5 4 878.27 350 5 200.05 0.2986 219.6 100 1.48 323.86 0.8234 211.8 182.29 
S12M7 100 100 2 5 4 878.27 450 5 199.1 0.2986 219.6 100 1.48 323.86 0.8234 211.8 182.29 
S13M1 100 100 2 6 5 973.17 275 5 245.77 0.3693 243.3 100 1.84 445.77 0.7387 243.3 215.03 
S13M3 100 100 2 6 5 973.17 300 5 241.44 0.3693 243.3 100 1.84 445.77 0.7387 243.3 215.03 
S13M5 100 100 2 6 5 973.17 350 5 237.2 0.3693 243.3 100 1.84 445.77 0.7387 243.3 215.03 
S13M7 100 100 2 6 5 973.17 450 5 245.14 0.3693 243.3 100 1.84 445.77 0.7387 243.3 215.03 
S14M1 100 100 3 5 4 1171.67 275 5 311.41 0.5247 292.9 100 2.6 758.74 0.6213 292.9 281.13 
S14M3 100 100 3 5 4 1171.67 300 5 313.54 0.5247 292.9 100 2.6 758.74 0.6213 292.9 281.13 
S14M5 100 100 3 5 4 1171.67 350 5 322.06 0.5247 292.9 100 2.6 758.74 0.6213 292.9 281.13 
S14M7 100 100 3 5 4 1171.67 450 5 333.98 0.5247 292.9 100 2.6 758.74 0.6213 292.9 281.13 
S15M1 100 100 3 7 6 1161.37 275 5 309.6 0.5337 290.3 100 2.68 774.18 0.6123 290.3 280.31 
S15M3 100 100 3 7 6 1161.37 300 5 311.83 0.5337 290.3 100 2.68 774.18 0.6123 290.3 280.31 
S15M5 100 100 3 7 6 1161.37 350 5 320.25 0.5337 290.3 100 2.68 774.18 0.6123 290.3 280.31 
S15M7 100 100 3 7 6 1161.37 450 5 332.92 0.5337 290.3 100 2.68 774.18 0.6123 290.3 280.31 
S16M1 110 110 2 5 4 862.83 275 5 161.18 0.2141 215.7 110 0.96 206.45 1.0221 180.89 155.21 
S16M3 110 110 2 5 4 862.83 300 5 160.86 0.2141 215.7 110 0.96 206.45 1.0221 180.89 155.21 
S16M5 110 110 2 5 4 862.83 350 5 160.34 0.2141 215.7 110 0.96 206.45 1.0221 180.89 155.21 
S16M7 110 110 2 5 4 862.83 450 5 160.02 0.2141 215.7 110 0.96 206.45 1.0221 180.89 155.21 
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Specimen 
Cross-section properties (mm) Material Numerical Results A·σ0.2 
(kN) 
CUFSM cross-
sectional 
slenderness 
√(Ny/Ncr ) 
DSM 
h b t rm ri Ag (mm2) 
σu 
(MPa) n 
Nu,num 
(kN) ξcr (%) 
h-w 
length 
(mm) 
Ncr/Ny Ncr (kN) CARBON Nnl 
STAINLESS 
Nnl 
S17M1 120 120 2 5 4 942.83 275 5 160.91 0.1961 235.7 120 0.81 190.39 1.1111 186.77 159.52 
S17M3 120 120 2 5 4 942.83 300 5 160.38 0.1961 235.7 120 0.81 190.39 1.1111 186.77 159.52 
S17M5 120 120 2 5 4 942.83 350 5 160.91 0.1961 235.7 120 0.81 190.39 1.1111 186.77 159.52 
S17M7 120 120 2 5 4 942.83 450 5 160.27 0.1961 235.7 120 0.81 190.39 1.1111 186.77 159.52 
S18M1 130 130 2 5 4 1022.83 275 5 160.71 0.1810 255.7 130 0.69 175.98 1.2038 191.92 162.96 
S18M3 130 130 2 5 4 1022.83 300 5 160.61 0.1810 255.7 130 0.69 175.98 1.2038 191.92 162.96 
S18M5 130 130 2 5 4 1022.83 350 5 160.18 0.1810 255.7 130 0.69 175.98 1.2038 191.92 162.96 
S18M7 130 130 2 5 4 1022.83 450 5 160.29 0.1810 255.7 130 0.69 175.98 1.2038 191.92 162.96 
S19M1 140 140 2 5 4 1102.83 275 5 161.87 0.1680 275.7 140 0.59 162.28 1.3018 196.12 165.39 
S19M3 140 140 2 5 4 1102.83 300 5 161.87 0.1680 275.7 140 0.59 162.28 1.3018 196.12 165.39 
S19M5 140 140 2 5 4 1102.83 350 5 161.87 0.1680 275.7 140 0.59 162.28 1.3018 196.12 165.39 
S19M7 140 140 2 5 4 1102.83 450 5 161.54 0.1680 275.7 140 0.59 162.28 1.3018 196.12 165.39 
S20M1 120 120 1 4 4 827.98 275 5 122.9 0.1506 206.99 120 0.62 128.46 1.2693 149.83 126.65 
S20M3 120 120 1 4 4 827.98 300 5 122.79 0.1506 206.99 120 0.62 128.46 1.2693 149.83 126.65 
S20M6 120 120 1 4 4 827.98 350 5 122.79 0.1506 206.99 120 0.62 128.46 1.2693 149.83 126.65 
S20M7 120 120 1 4 4 827.98 450 5 122.58 0.1506 206.99 120 0.62 128.46 1.2693 149.83 126.65 
S21M1 120 120 1 4 4 709.69 275 5 92.96 0.1110 177.42 120 0.45 81.24 1.4777 115.56 96.18 
S21M3 120 120 1 4 4 709.69 300 5 92.96 0.1110 177.42 120 0.45 81.24 1.4777 115.56 96.18 
S21M6 120 120 1 4 4 709.69 350 5 92.52 0.1110 177.42 120 0.45 81.24 1.4777 115.56 96.18 
S21M7 120 120 1 4 4 709.69 450 5 92.41 0.1110 177.42 120 0.45 81.24 1.4777 115.56 96.18 
R1M1 80 60 1 4 3 476.86 275 5 116 0.2651 119.2 70 1.69 200.72 0.7692 119.2 102.89 
R1M3 80 60 1 4 3 476.86 300 5 116.32 0.2651 119.2 70 1.69 200.72 0.7692 119.2 102.89 
R1M5 80 60 1 4 3 476.86 350 5 116.52 0.2651 119.2 70 1.69 200.72 0.7692 119.2 102.89 
R1M7 80 60 1 4 3 476.86 450 5 116.63 0.2651 119.2 70 1.69 200.72 0.7692 119.2 102.89 
R2M1 80 60 2 5 4 542.83 275 5 140.49 0.3472 135.7 70 2.22 299.82 0.6711 135.7 125.8 
R2M3 80 60 2 5 4 542.83 300 5 141.75 0.3472 135.7 70 2.22 299.82 0.6711 135.7 125.8 
R2M5 80 60 2 5 4 542.83 350 5 143.12 0.3472 135.7 70 2.22 299.82 0.6711 135.7 125.8 
R2M7 80 60 2 5 4 542.83 450 5 147 0.3472 135.7 70 2.22 299.82 0.6711 135.7 125.8 
R3M1 80 60 2 5 4 608.27 275 5 161.68 0.4409 152.1 70 2.84 429.77 0.5933 152.1 148.47 
R3M3 80 60 2 5 4 608.27 300 5 163.05 0.4409 152.1 70 2.84 429.77 0.5933 152.1 148.47 
R3M5 80 60 2 5 4 608.27 350 5 167.69 0.4409 152.1 70 2.84 429.77 0.5933 152.1 148.47 
R3M7 80 60 2 5 4 608.27 450 5 172.86 0.4409 152.1 70 2.84 429.77 0.5933 152.1 148.47 
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Specimen 
Cross-section properties (mm) Material Numerical Results A·σ0.2 
(kN) 
CUFSM cross-
sectional 
slenderness 
√(Ny/Ncr ) 
DSM 
h b t rm ri Ag (mm2) 
σu 
(MPa) n 
Nu,num 
(kN) ξcr (%) 
h-w 
length 
(mm) 
Ncr/Ny Ncr (kN) CARBON Nnl 
STAINLESS 
Nnl 
R4M1 80 60 3 5 4 811.67 275 5 219.07 0.7688 202.9 70 4.92 993.04 0.4508 202.9 202.9 
R4M3 80 60 3 5 4 811.67 300 5 224.5 0.7688 202.9 70 4.92 993.04 0.4508 202.9 202.9 
R4M5 80 60 3 5 4 811.67 350 5 234.19 0.7688 202.9 70 4.92 993.04 0.4508 202.9 202.9 
R4M7 80 60 3 5 4 811.67 450 5 253.36 0.7688 202.9 70 4.92 993.04 0.4508 202.9 202.9 
R5M1 80 60 3 7 6 801.37 275 5 216.62 0.7921 200.3 70 5.18 1030.18 0.4393 200.3 200.3 
R5M3 80 60 3 7 6 801.37 300 5 221.63 0.7921 200.3 70 5.18 1030.18 0.4393 200.3 200.3 
R5M5 80 60 3 7 6 801.37 350 5 233.02 0.7921 200.3 70 5.18 1030.18 0.4393 200.3 200.3 
R5M7 80 60 3 7 6 801.37 450 5 253.04 0.7921 200.3 70 5.18 1030.18 0.4393 200.3 200.3 
R6M1 65 90 1 4 4 530.48 275 5 116.83 0.2395 132.62 80 1.36 180.74 0.8565 124.62 107.31 
R6M3 65 90 1 4 4 530.48 300 5 116.73 0.2395 132.62 80 1.36 180.74 0.8565 124.62 107.31 
R6M6 65 90 1 4 4 530.48 350 5 116.73 0.2395 132.62 80 1.36 180.74 0.8565 124.62 107.31 
R6M7 65 90 1 4 4 530.48 450 5 116.52 0.2395 132.62 80 1.36 180.74 0.8565 124.62 107.31 
R7M1 65 90 1 4 4 454.69 275 5 84.5 0.1769 113.67 80 1 114.58 0.9960 96.87 83.21 
R7M3 65 90 1 4 4 454.69 300 5 87.88 0.1769 113.67 80 1 114.58 0.9960 96.87 83.21 
R7M6 65 90 1 4 4 454.69 350 5 87.88 0.1769 113.67 80 1 114.58 0.9960 96.87 83.21 
R7M7 65 90 1 4 4 454.69 450 5 86.61 0.1769 113.67 80 1 114.58 0.9960 96.87 83.21 
R8M1 50 100 1 3 4 514.48 275 5 106.37 0.2298 128.62 80 1.17 150.83 0.9234 115.16 99.13 
R8M3 50 100 1 3 4 514.48 300 5 106.58 0.2298 128.62 80 1.17 150.83 0.9234 115.16 99.13 
R8M6 50 100 1 3 4 514.48 350 5 106.48 0.2298 128.62 80 1.17 150.83 0.9234 115.16 99.13 
R8M7 50 100 1 3 4 514.48 450 5 106.16 0.2298 128.62 80 1.17 150.83 0.9234 115.16 99.13 
R9M1 50 100 1 3 4 440.98 275 5 82.32 0.1693 110.24 80 0.86 95.18 1.0762 89.25 76.37 
R9M3 50 100 1 3 4 440.98 300 5 82.32 0.1693 110.24 80 0.86 95.18 1.0762 89.25 76.37 
R9M6 50 100 1 3 4 440.98 350 5 82.54 0.1693 110.24 80 0.86 95.18 1.0762 89.25 76.37 
R9M7 50 100 1 3 4 440.98 450 5 82.11 0.1693 110.24 80 0.86 95.18 1.0762 89.25 76.37 
R10M1 80 120 2 4 5 786.26 275 5 154.01 0.2375 196.56 100 1 198 0.9963 167.48 143.85 
R10M3 80 120 2 4 5 786.26 300 5 154.01 0.2375 196.56 100 1 198 0.9963 167.48 143.85 
R10M6 80 120 2 4 5 786.26 350 5 153.17 0.2375 196.56 100 1 198 0.9963 167.48 143.85 
R10M7 80 120 2 4 5 786.26 450 5 153.7 0.2375 196.56 100 1 198 0.9963 167.48 143.85 
R11M1 80 120 1 4 4 687.98 275 5 120.74 0.1823 171.99 100 0.77 133.25 1.1360 134.26 114.5 
R11M3 80 120 1 4 4 687.98 300 5 120.85 0.1823 171.99 100 0.77 133.25 1.1360 134.26 114.5 
R11M6 80 120 1 4 4 687.98 350 5 120.74 0.1823 171.99 100 0.77 133.25 1.1360 134.26 114.5 
R11M7 80 120 1 4 4 687.98 450 5 120.42 0.1823 171.99 100 0.77 133.25 1.1360 134.26 114.5 
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Specimen 
Cross-section properties (mm) Material Numerical Results A·σ0.2 
(kN) 
CUFSM cross-
sectional 
slenderness 
√(Ny/Ncr ) 
DSM 
h b t rm ri Ag (mm2) 
σu 
(MPa) n 
Nu,num 
(kN) ξcr (%) 
h-w 
length 
(mm) 
Ncr/Ny Ncr (kN) CARBON Nnl 
STAINLESS 
Nnl 
R12M1 80 120 1 4 4 589.69 275 5 90.55 0.1343 147.42 100 0.57 84.22 1.3230 103.71 87.33 
R12M3 80 120 1 4 4 589.69 300 5 90.55 0.1343 147.42 100 0.57 84.22 1.3230 103.71 87.33 
R12M6 80 120 1 4 4 589.69 350 5 90.55 0.1343 147.42 100 0.57 84.22 1.3230 103.71 87.33 
R12M7 80 120 1 4 4 589.69 450 5 90.33 0.1343 147.42 100 0.57 84.22 1.3230 103.71 87.33 
S1M2 40 40 2 5 4 302.83 275 10 81.06 0.6048 75.7 300.22 0.86 40 7.8400 588.43 0.35 
S1M4 40 40 2 5 4 302.83 300 10 83.69 0.6048 75.7 300.22 0.86 40 7.8400 588.43 0.35 
S1M6 40 40 2 5 4 302.83 350 10 88.73 0.6048 75.7 300.22 0.86 40 7.8400 588.43 0.35 
S1M8 40 40 2 5 4 302.83 450 10 98.81 0.6048 75.7 300.22 0.86 40 7.8400 588.43 0.35 
S2M2 40 40 3 5 4 451.67 275 10 123.22 1.2923 112.9 447.35 0.95 40 16.7500 1873.27 0.24 
S2M4 40 40 3 5 4 451.67 300 10 128.01 1.2923 112.9 447.35 0.95 40 16.7500 1873.27 0.24 
S2M6 40 40 3 5 4 451.67 350 10 138.66 1.2923 112.9 447.35 0.95 40 16.7500 1873.27 0.24 
S2M8 40 40 3 5 4 451.67 450 10 161.03 1.2923 112.9 447.35 0.95 40 16.7500 1873.27 0.24 
S3M2 40 40 3 7 6 441.37 275 10 120.56 1.3969 110.3 435.5 1.32 45 19.0000 2068.62 0.23 
S3M4 40 40 3 7 6 441.37 300 10 125.14 1.3969 110.3 435.5 1.32 45 19.0000 2068.62 0.23 
S3M6 40 40 3 7 6 441.37 350 10 135.57 1.3969 110.3 435.5 1.32 45 19.0000 2068.62 0.23 
S3M8 40 40 3 7 6 441.37 450 10 157.51 1.3969 110.3 435.5 1.32 45 19.0000 2068.62 0.23 
S4M2 55 55 1 4 3 319.06 275 10 82.15 0.2452 79.8 317.42 0.51 45 2.2500 178.54 0.66 
S4M4 55 55 1 4 3 319.06 300 10 81.52 0.2452 79.8 317.42 0.51 45 2.2500 178.54 0.66 
S4M6 55 55 1 4 3 319.06 350 10 82.04 0.2452 79.8 317.42 0.51 45 2.2500 178.54 0.66 
S4M8 55 55 1 4 3 319.06 450 10 82.04 0.2452 79.8 317.42 0.51 45 2.2500 178.54 0.66 
S5M2 65 65 1 4 3 379.06 275 10 91.22 0.2062 94.8 377.42 0.43 65 1.5900 150.02 0.79 
S5M4 65 65 1 4 3 379.06 300 10 91.22 0.2062 94.8 377.42 0.43 65 1.5900 150.02 0.79 
S5M6 65 65 1 4 3 379.06 350 10 90.49 0.2062 94.8 377.42 0.43 65 1.5900 150.02 0.79 
S5M8 65 65 1 4 3 379.06 450 10 91.01 0.2062 94.8 377.42 0.43 65 1.5900 150.02 0.79 
S6M2 65 65 1 4 3 441.86 275 10 113.91 0.2788 110.5 440.1 0.39 65 2.1500 236.55 0.68 
S6M4 65 65 1 4 3 441.86 300 10 114.22 0.2788 110.5 440.1 0.39 65 2.1500 236.55 0.68 
S6M6 65 65 1 4 3 441.86 350 10 114.01 0.2788 110.5 440.1 0.39 65 2.1500 236.55 0.68 
S6M8 65 65 1 4 3 441.86 450 10 114.85 0.2788 110.5 440.1 0.39 65 2.1500 236.55 0.68 
S7M2 70 70 1 4 3 409.06 275 10 94.03 0.1911 102.3 407.42 0.4 70 1.3600 138.52 0.85 
S7M4 70 70 1 4 3 409.06 300 10 93.93 0.1911 102.3 407.42 0.4 70 1.3600 138.52 0.85 
S7M6 70 70 1 4 3 409.06 350 10 93.93 0.1911 102.3 407.42 0.4 70 1.3600 138.52 0.85 
S7M8 70 70 1 4 3 409.06 450 10 93.41 0.1911 102.3 407.42 0.4 70 1.3600 138.52 0.85 
 
13 
 
Specimen 
Cross-section properties (mm) Material Numerical Results A·σ0.2 
(kN) 
CUFSM cross-
sectional 
slenderness 
√(Ny/Ncr ) 
DSM 
h b t rm ri Ag (mm2) 
σu 
(MPa) n 
Nu,num 
(kN) ξcr (%) 
h-w 
length 
(mm) 
Ncr/Ny Ncr (kN) CARBON Nnl 
STAINLESS 
Nnl 
S8M2 70 70 1 4 3 476.86 275 10 119.03 0.2585 119.2 475.1 0.36 70 1.8400 218.54 0.73 
S8M4 70 70 1 4 3 476.86 300 10 117.68 0.2585 119.2 475.1 0.36 70 1.8400 218.54 0.73 
S8M6 70 70 1 4 3 476.86 350 10 118.2 0.2585 119.2 475.1 0.36 70 1.8400 218.54 0.73 
S8M8 70 70 1 4 3 476.86 450 10 117.57 0.2585 119.2 475.1 0.36 70 1.8400 218.54 0.73 
S9M2 90 90 1 4 3 616.86 275 10 131.69 0.2004 154.2 615.1 0.28 90 1.1000 169.15 0.95 
S9M4 90 90 1 4 3 616.86 300 10 131.69 0.2004 154.2 615.1 0.28 90 1.1000 169.15 0.95 
S9M6 90 90 1 4 3 616.86 350 10 131.48 0.2004 154.2 615.1 0.28 90 1.1000 169.15 0.95 
S9M8 90 90 1 4 3 616.86 450 10 131.69 0.2004 154.2 615.1 0.28 90 1.1000 169.15 0.95 
S10M2 90 90 2 5 4 702.83 275 10 164.01 0.2622 175.7 700.22 0.37 90 1.4500 253.82 0.83 
S10M4 90 90 2 5 4 702.83 300 10 164.12 0.2622 175.7 700.22 0.37 90 1.4500 253.82 0.83 
S10M6 90 90 2 5 4 702.83 350 10 164.22 0.2622 175.7 700.22 0.37 90 1.4500 253.82 0.83 
S10M8 90 90 2 5 4 702.83 450 10 161.81 0.2622 175.7 700.22 0.37 90 1.4500 253.82 0.83 
S11M2 100 100 2 5 4 782.83 275 10 167.79 0.2357 195.7 780.22 0.33 100 1.1700 228.21 0.92 
S11M4 100 100 2 5 4 782.83 300 10 167.9 0.2357 195.7 780.22 0.33 100 1.1700 228.21 0.92 
S11M6 100 100 2 5 4 782.83 350 10 167.79 0.2357 195.7 780.22 0.33 100 1.1700 228.21 0.92 
S11M8 100 100 2 5 4 782.83 450 10 169.05 0.2357 195.7 780.22 0.33 100 1.1700 228.21 0.92 
S12M2 100 100 2 5 4 878.27 275 10 208.38 0.2986 219.6 875.32 0.33 100 1.4800 323.86 0.82 
S12M4 100 100 2 5 4 878.27 300 10 208.27 0.2986 219.6 875.32 0.33 100 1.4800 323.86 0.82 
S12M6 100 100 2 5 4 878.27 350 10 208.27 0.2986 219.6 875.32 0.33 100 1.4800 323.86 0.82 
S12M8 100 100 2 5 4 878.27 450 10 208.27 0.2986 219.6 875.32 0.33 100 1.4800 323.86 0.82 
S13M2 100 100 2 6 5 973.17 275 10 240.8 0.3693 243.3 969.08 0.42 100 1.8400 445.77 0.73 
S13M4 100 100 2 6 5 973.17 300 10 240.7 0.3693 243.3 969.08 0.42 100 1.8400 445.77 0.73 
S13M6 100 100 2 6 5 973.17 350 10 241.65 0.3693 243.3 969.08 0.42 100 1.8400 445.77 0.73 
S13M8 100 100 2 6 5 973.17 450 10 247.04 0.3693 243.3 969.08 0.42 100 1.8400 445.77 0.73 
S14M2 100 100 3 5 4 1171.67 275 10 308.74 0.5247 292.9 1167.35 0.36 100 2.6000 758.77 0.62 
S14M4 100 100 3 5 4 1171.67 300 10 310.77 0.5247 292.9 1167.35 0.36 100 2.6000 758.77 0.62 
S14M6 100 100 3 5 4 1171.67 350 10 317.8 0.5247 292.9 1167.35 0.36 100 2.6000 758.77 0.62 
S14M8 100 100 3 5 4 1171.67 450 10 325.89 0.5247 292.9 1167.35 0.36 100 2.6000 758.77 0.62 
S15M2 100 100 3 7 6 1161.37 275 10 307.68 0.5337 290.3 1155.5 0.5 100 2.6800 774.18 0.61 
S15M4 100 100 3 7 6 1161.37 300 10 309.6 0.5337 290.3 1155.5 0.5 100 2.6800 774.18 0.61 
S15M6 100 100 3 7 6 1161.37 350 10 316.41 0.5337 290.3 1155.5 0.5 100 2.6800 774.18 0.61 
S15M8 100 100 3 7 6 1161.37 450 10 322.48 0.5337 290.3 1155.5 0.5 100 2.6800 774.18 0.61 
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Specimen 
Cross-section properties (mm) Material Numerical Results A·σ0.2 
(kN) 
CUFSM cross-
sectional 
slenderness 
√(Ny/Ncr ) 
DSM 
h b t rm ri Ag (mm2) 
σu 
(MPa) n 
Nu,num 
(kN) ξcr (%) 
h-w 
length 
(mm) 
Ncr/Ny Ncr (kN) CARBON Nnl 
STAINLESS 
Nnl 
S16M2 110 110 2 5 4 862.83 275 10 173.15 0.2141 215.7 860.22 0.3 110 0.9600 206.45 1.02 
S16M4 110 110 2 5 4 862.83 300 10 173.78 0.2141 215.7 860.22 0.3 110 0.9600 206.45 1.02 
S16M6 110 110 2 5 4 862.83 350 10 173.25 0.2141 215.7 860.22 0.3 110 0.9600 206.45 1.02 
S16M8 110 110 2 5 4 862.83 450 10 172.52 0.2141 215.7 860.22 0.3 110 0.9600 206.45 1.02 
S17M2 120 120 2 5 4 942.83 275 10 176.6 0.1961 235.7 940.22 0.27 120 0.8100 190.39 1.11 
S17M4 120 120 2 5 4 942.83 300 10 176.6 0.1961 235.7 940.22 0.27 120 0.8100 190.39 1.11 
S17M6 120 120 2 5 4 942.83 350 10 176.28 0.1961 235.7 940.22 0.27 120 0.8100 190.39 1.11 
S17M8 120 120 2 5 4 942.83 450 10 175.64 0.1961 235.7 940.22 0.27 120 0.8100 190.39 1.11 
S18M2 130 130 2 5 4 1022.83 275 10 176.76 0.1810 255.7 1020.22 0.25 130 0.6900 175.98 1.2 
S18M4 130 130 2 5 4 1022.83 300 10 176.66 0.1810 255.7 1020.22 0.25 130 0.6900 175.98 1.2 
S18M6 130 130 2 5 4 1022.83 350 10 176.66 0.1810 255.7 1020.22 0.25 130 0.6900 175.98 1.2 
S18M8 130 130 2 5 4 1022.83 450 10 175.8 0.1810 255.7 1020.22 0.25 130 0.6900 175.98 1.2 
S19M2 140 140 2 5 4 1102.83 275 10 178.65 0.1680 275.7 1100.22 0.23 140 0.5900 162.28 1.3 
S19M4 140 140 2 5 4 1102.83 300 10 178.54 0.1680 275.7 1100.22 0.23 140 0.5900 162.28 1.3 
S19M6 140 140 2 5 4 1102.83 350 10 178.32 0.1680 275.7 1100.22 0.23 140 0.5900 162.28 1.3 
S19M8 140 140 2 5 4 1102.83 450 10 177.56 0.1680 275.7 1100.22 0.23 140 0.5900 162.28 1.3 
S20M2 120 120 1 4 4 827.98 275 10 135.75 0.1506 206.99 823.39 0.55 120 0.6206 155.15 1.26 
S20M4 120 120 1 4 4 827.98 300 10 135.64 0.1506 206.99 823.39 0.55 120 0.6206 155.15 1.26 
S20M6 120 120 1 4 4 827.98 350 10 135.54 0.1506 206.99 823.39 0.55 120 0.6206 155.15 1.26 
S20M8 120 120 1 4 4 827.98 450 10 135 0.1506 206.99 823.39 0.55 120 0.6206 155.15 1.26 
S21M2 120 120 1 4 4 709.69 275 10 100.52 0.1110 177.42 705.92 0.53 120 0.4579 114.47 1.47 
S21M4 120 120 1 4 4 709.69 300 10 100.52 0.1110 177.42 705.92 0.53 120 0.4579 114.47 1.47 
S21M6 120 120 1 4 4 709.69 350 10 100.41 0.1110 177.42 705.92 0.53 120 0.4579 114.47 1.47 
S21M8 120 120 1 4 4 709.69 450 10 99.86 0.1110 177.42 705.92 0.53 120 0.4579 114.47 1.47 
R1M2 80 60 1 4 3 476.86 275 10 115.58 0.2651 119.2 475.1 0.36 70 1.6900 200.72 0.77 
R1M4 80 60 1 4 3 476.86 300 10 115.69 0.2651 119.2 475.1 0.36 70 1.6900 200.72 0.77 
R1M6 80 60 1 4 3 476.86 350 10 115.69 0.2651 119.2 475.1 0.36 70 1.6900 200.72 0.77 
R1M8 80 60 1 4 3 476.86 450 10 115.79 0.2651 119.2 475.1 0.36 70 1.6900 200.72 0.77 
R2M2 80 60 2 5 4 542.83 275 10 140.18 0.3472 135.7 540.22 0.48 75 2.2200 299.82 0.67 
R2M4 80 60 2 5 4 542.83 300 10 138.81 0.3472 135.7 540.22 0.48 75 2.2200 299.82 0.67 
R2M6 80 60 2 5 4 542.83 350 10 138.39 0.3472 135.7 540.22 0.48 75 2.2200 299.82 0.67 
R2M8 80 60 2 5 4 542.83 450 10 142.91 0.3472 135.7 540.22 0.48 75 2.2200 299.82 0.67 
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Specimen 
Cross-section properties (mm) Material Numerical Results A·σ0.2 
(kN) 
CUFSM cross-
sectional 
slenderness 
√(Ny/Ncr ) 
DSM 
h b t rm ri Ag (mm2) 
σu 
(MPa) n 
Nu,num 
(kN) ξcr (%) 
h-w 
length 
(mm) 
Ncr/Ny Ncr (kN) CARBON Nnl 
STAINLESS 
Nnl 
R3M2 80 60 2 5 4 608.27 275 10 160.74 0.4409 152.1 605.32 0.48 75 2.8400 429.77 0.59 
R3M4 80 60 2 5 4 608.27 300 10 160.74 0.4409 152.1 605.32 0.48 75 2.8400 429.77 0.59 
R3M6 80 60 2 5 4 608.27 350 10 165.79 0.4409 152.1 605.32 0.48 75 2.8400 429.77 0.59 
R3M8 80 60 2 5 4 608.27 450 10 168.53 0.4409 152.1 605.32 0.48 75 2.8400 429.77 0.59 
R4M2 80 60 3 5 4 811.67 275 10 219.28 0.7688 202.9 807.35 0.53 70 4.9200 993.04 0.45 
R4M4 80 60 3 5 4 811.67 300 10 224.18 0.7688 202.9 807.35 0.53 70 4.9200 993.04 0.45 
R4M6 80 60 3 5 4 811.67 350 10 231.32 0.7688 202.9 807.35 0.53 70 4.9200 993.04 0.45 
R4M8 80 60 3 5 4 811.67 450 10 252.72 0.7688 202.9 807.35 0.53 70 4.9200 993.04 0.45 
R5M2 80 60 3 7 6 801.37 275 10 216.41 0.7921 200.3 795.51 0.73 75 5.1800 1030.18 0.44 
R5M4 80 60 3 7 6 801.37 300 10 221.2 0.7921 200.3 795.51 0.73 75 5.1800 1030.18 0.44 
R5M6 80 60 3 7 6 801.37 350 10 231 0.7921 200.3 795.51 0.73 75 5.1800 1030.18 0.44 
R5M8 80 60 3 7 6 801.37 450 10 250.49 0.7921 200.3 795.51 0.73 75 5.1800 1030.18 0.44 
R6M2 65 90 1 4 4 530.48 275 10 117.67 0.2395 132.62 525.89 0.86 80 1.3629 340.72 0.85 
R6M4 65 90 1 4 4 530.48 300 10 117.67 0.2395 132.62 525.89 0.86 80 1.3629 340.72 0.85 
R6M6 65 90 1 4 4 530.48 350 10 118.3 0.2395 132.62 525.89 0.86 80 1.3629 340.72 0.85 
R6M8 65 90 1 4 4 530.48 450 10 120.7 0.2395 132.62 525.89 0.86 80 1.3629 340.72 0.85 
R7M2 65 90 1 4 4 454.69 275 10 90.83 0.1769 113.67 450.92 0.83 80 1.0080 252 0.99 
R7M4 65 90 1 4 4 454.69 300 10 91.99 0.1769 113.67 450.92 0.83 80 1.0080 252 0.99 
R7M6 65 90 1 4 4 454.69 350 10 93.15 0.1769 113.67 450.92 0.83 80 1.0080 252 0.99 
R7M8 65 90 1 4 4 454.69 450 10 92.84 0.1769 113.67 450.92 0.83 80 1.0080 252 0.99 
R8M2 50 100 1 3 4 514.48 275 10 110.24 0.2298 128.62 510.1 0.85 80 1.1727 293.17 0.92 
R8M4 50 100 1 3 4 514.48 300 10 110.45 0.2298 128.62 510.1 0.85 80 1.1727 293.17 0.92 
R8M6 50 100 1 3 4 514.48 350 10 111.08 0.2298 128.62 510.1 0.85 80 1.1727 293.17 0.92 
R8M8 50 100 1 3 4 514.48 450 10 110.77 0.2298 128.62 510.1 0.85 80 1.1727 293.17 0.92 
R9M2 50 100 1 3 4 440.98 275 10 86.83 0.1693 110.24 437.41 0.8 80 0.8633 215.84 1.07 
R9M4 50 100 1 3 4 440.98 300 10 86.83 0.1693 110.24 437.41 0.8 80 0.8633 215.84 1.07 
R9M6 50 100 1 3 4 440.98 350 10 86.72 0.1693 110.24 437.41 0.8 80 0.8633 215.84 1.07 
R9M8 50 100 1 3 4 440.98 450 10 86.29 0.1693 110.24 437.41 0.8 80 0.8633 215.84 1.07 
R10M2 80 120 2 4 5 786.26 275 10 163.45 0.2375 196.56 780.22 0.76 100 1.0073 251.82 0.99 
R10M4 80 120 2 4 5 786.26 300 10 163.34 0.2375 196.56 780.22 0.76 100 1.0073 251.82 0.99 
R10M6 80 120 2 4 5 786.26 350 10 163.02 0.2375 196.56 780.22 0.76 100 1.0073 251.82 0.99 
R10M8 80 120 2 4 5 786.26 450 10 161.96 0.2375 196.56 780.22 0.76 100 1.0073 251.82 0.99 
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Specimen 
Cross-section properties (mm) Material Numerical Results A·σ0.2 
(kN) 
CUFSM cross-
sectional 
slenderness 
√(Ny/Ncr ) 
DSM 
h b t rm ri Ag (mm2) 
σu 
(MPa) n 
Nu,num 
(kN) ξcr (%) 
h-w 
length 
(mm) 
Ncr/Ny Ncr (kN) CARBON Nnl 
STAINLESS 
Nnl 
R11M2 80 120 1 4 4 687.98 275 10 130.24 0.1823 171.99 683.39 0.66 100 0.7747 193.69 1.13 
R11M4 80 120 1 4 4 687.98 300 10 130.24 0.1823 171.99 683.39 0.66 100 0.7747 193.69 1.13 
R11M6 80 120 1 4 4 687.98 350 10 130.03 0.1823 171.99 683.39 0.66 100 0.7747 193.69 1.13 
R11M8 80 120 1 4 4 687.98 450 10 129.6 0.1823 171.99 683.39 0.66 100 0.7747 193.69 1.13 
R12M2 80 120 1 4 4 589.69 275 10 98.76 0.1343 147.42 585.92 0.64 100 0.5713 142.83 1.32 
R12M4 80 120 1 4 4 589.69 300 10 98.65 0.1343 147.42 585.92 0.64 100 0.5713 142.83 1.32 
R12M6 80 120 1 4 4 589.69 350 10 98.55 0.1343 147.42 585.92 0.64 100 0.5713 142.83 1.32 
R12M8 80 120 1 4 4 589.69 450 10 98.11 0.1343 147.42 585.92 0.64 100 0.5713 142.83 1.32 
S1C1 40 40 2 5 4 302.83 275 100 80.85 0.6048 75.7 300.22 0.86 40 7.8200 586.93 0.35 
S1C2 40 40 2 5 4 302.83 300 100 82.53 0.6048 75.7 300.22 0.86 40 7.8200 586.93 0.35 
S1C3 40 40 2 5 4 302.83 350 100 84.21 0.6048 75.7 300.22 0.86 40 7.8200 586.93 0.35 
S1C4 40 40 2 5 4 302.83 450 100 86.31 0.6048 75.7 300.22 0.86 40 7.8200 586.93 0.35 
S2C1 40 40 3 5 4 451.67 275 100 123.01 1.2923 112.9 447.35 0.95 40 16.7800 1876.63 0.24 
S2C2 40 40 3 5 4 451.67 300 100 126.52 1.2923 112.9 447.35 0.95 40 16.7800 1876.63 0.24 
S2C3 40 40 3 5 4 451.67 350 100 133.87 1.2923 112.9 447.35 0.95 40 16.7800 1876.63 0.24 
S2C4 40 40 3 5 4 451.67 450 100 143.03 1.2923 112.9 447.35 0.95 40 16.7800 1876.63 0.24 
S3C1 40 40 3 7 6 441.37 275 100 120.24 1.3969 110.3 435.51 1.32 45 18.9000 2057.78 0.23 
S3C2 40 40 3 7 6 441.37 300 100 123.97 1.3969 110.3 435.51 1.32 45 18.9000 2057.78 0.23 
S3C3 40 40 3 7 6 441.37 350 100 131.31 1.3969 110.3 435.51 1.32 45 18.9000 2057.78 0.23 
S3C4 40 40 3 7 6 441.37 450 100 142.28 1.3969 110.3 435.51 1.32 45 18.9000 2057.78 0.23 
S4C1 55 55 1 4 3 319.06 275 100 82.57 0.2452 79.8 317.42 0.51 55 2.2500 178.54 0.66 
S4C2 55 55 1 4 3 319.06 300 100 82.36 0.2452 79.8 317.42 0.51 55 2.2500 178.54 0.66 
S4C3 55 55 1 4 3 319.06 350 100 81.73 0.2452 79.8 317.42 0.51 55 2.2500 178.54 0.66 
S4C4 55 55 1 4 3 319.06 450 100 79.65 0.2452 79.8 317.42 0.51 55 2.2500 178.54 0.66 
S5C1 65 65 1 4 3 379.06 275 100 96.54 0.2062 94.8 377.42 0.43 65 1.5900 150.02 0.79 
S5C2 65 65 1 4 3 379.06 300 100 96.33 0.2062 94.8 377.42 0.43 65 1.5900 150.02 0.79 
S5C3 65 65 1 4 3 379.06 350 100 94.97 0.2062 94.8 377.42 0.43 65 1.5900 150.02 0.79 
S5C4 65 65 1 4 3 379.06 450 100 92.89 0.2062 94.8 377.42 0.43 65 1.5900 150.02 0.79 
S6C1 65 65 1 4 3 441.86 275 100 114.43 0.2788 110.5 440.1 0.39 65 2.1500 236.55 0.68 
S6C2 65 65 1 4 3 441.86 300 100 114.33 0.2788 110.5 440.1 0.39 65 2.1500 236.55 0.68 
S6C3 65 65 1 4 3 441.86 350 100 113.39 0.2788 110.5 440.1 0.39 65 2.1500 236.55 0.68 
S6C4 65 65 1 4 3 441.86 450 100 110.25 0.2788 110.5 440.1 0.39 65 2.1500 236.55 0.68 
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Specimen 
Cross-section properties (mm) Material Numerical Results A·σ0.2 
(kN) 
CUFSM cross-
sectional 
slenderness 
√(Ny/Ncr ) 
DSM 
h b t rm ri Ag (mm2) 
σu 
(MPa) n 
Nu,num 
(kN) ξcr (%) 
h-w 
length 
(mm) 
Ncr/Ny Ncr (kN) CARBON Nnl 
STAINLESS 
Nnl 
S7C1 70 70 1 4 3 409.06 275 100 102.79 0.1911 102.3 407.42 0.4 65 1.3700 139.54 0.85 
S7C2 70 70 1 4 3 409.06 300 100 102.79 0.1911 102.3 407.42 0.4 65 1.3700 139.54 0.85 
S7C3 70 70 1 4 3 409.06 350 100 101.85 0.1911 102.3 407.42 0.4 65 1.3700 139.54 0.85 
S7C4 70 70 1 4 3 409.06 450 100 99.66 0.1911 102.3 407.42 0.4 65 1.3700 139.54 0.85 
S8C1 70 70 1 4 3 476.86 275 100 122.8 0.2585 119.2 475.1 0.36 70 1.8400 218.54 0.73 
S8C2 70 70 1 4 3 476.86 300 100 122.28 0.2585 119.2 475.1 0.36 70 1.8400 218.54 0.73 
S8C3 70 70 1 4 3 476.86 350 100 120.81 0.2585 119.2 475.1 0.36 70 1.8400 218.54 0.73 
S8C4 70 70 1 4 3 476.86 450 100 117.99 0.2585 119.2 475.1 0.36 70 1.8400 218.54 0.73 
S9C1 90 90 1 4 3 616.86 275 100 150.41 0.2004 154.2 615.1 0.28 90 1.1000 169.15 0.95 
S9C2 90 90 1 4 3 616.86 300 100 148.95 0.2004 154.2 615.1 0.28 90 1.1000 169.15 0.95 
S9C3 90 90 1 4 3 616.86 350 100 142.67 0.2004 154.2 615.1 0.28 90 1.1000 169.15 0.95 
S9C4 90 90 1 4 3 616.86 450 100 147.28 0.2004 154.2 615.1 0.28 90 1.1000 169.15 0.95 
S10C1 90 90 2 5 4 702.83 275 100 178.71 0.2622 175.7 700.22 0.37 65 1.6200 283.58 0.78 
S10C2 90 90 2 5 4 702.83 300 100 178.92 0.2622 175.7 700.22 0.37 65 1.6200 283.58 0.78 
S10C3 90 90 2 5 4 702.83 350 100 176.72 0.2622 175.7 700.22 0.37 65 1.6200 283.58 0.78 
S10C4 90 90 2 5 4 702.83 450 100 172.94 0.2622 175.7 700.22 0.37 65 1.6200 283.58 0.78 
S11C1 100 100 2 5 4 782.83 275 100 194.15 0.2357 195.7 780.22 0.33 100 1.4100 275.02 0.84 
S11C2 100 100 2 5 4 782.83 300 100 193.62 0.2357 195.7 780.22 0.33 100 1.4100 275.02 0.84 
S11C3 100 100 2 5 4 782.83 350 100 192.78 0.2357 195.7 780.22 0.33 100 1.4100 275.02 0.84 
S11C4 100 100 2 5 4 782.83 450 100 189.63 0.2357 195.7 780.22 0.33 100 1.4100 275.02 0.84 
S12C1 100 100 2 5 4 878.27 275 100 225.24 0.2986 219.6 875.32 0.33 100 1.4800 323.86 0.82 
S12C2 100 100 2 5 4 878.27 300 100 224.92 0.2986 219.6 875.32 0.33 100 1.4800 323.86 0.82 
S12C3 100 100 2 5 4 878.27 350 100 221.87 0.2986 219.6 875.32 0.33 100 1.4800 323.86 0.82 
S12C4 100 100 2 5 4 878.27 450 100 217.23 0.2986 219.6 875.32 0.33 100 1.4800 323.86 0.82 
S13C1 100 100 2 6 5 973.17 275 100 252.23 0.3693 243.3 969.08 0.42 100 1.8400 445.77 0.73 
S13C2 100 100 2 6 5 973.17 300 100 250.01 0.3693 243.3 969.08 0.42 100 1.8400 445.77 0.73 
S13C3 100 100 2 6 5 973.17 350 100 247.78 0.3693 243.3 969.08 0.42 100 1.8400 445.77 0.73 
S13C4 100 100 2 6 5 973.17 450 100 243.45 0.3693 243.3 969.08 0.42 100 1.8400 445.77 0.73 
S14C1 100 100 3 5 4 1171.67 275 100 311.3 0.5247 292.9 1167.35 0.36 100 2.6000 758.77 0.62 
S14C2 100 100 3 5 4 1171.67 300 100 311.51 0.5247 292.9 1167.35 0.36 100 2.6000 758.77 0.62 
S14C3 100 100 3 5 4 1171.67 350 100 309.49 0.5247 292.9 1167.35 0.36 100 2.6000 758.77 0.62 
S14C4 100 100 3 5 4 1171.67 450 100 302.25 0.5247 292.9 1167.35 0.36 100 2.6000 758.77 0.62 
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Specimen 
Cross-section properties (mm) Material Numerical Results A·σ0.2 
(kN) 
CUFSM cross-
sectional 
slenderness 
√(Ny/Ncr ) 
DSM 
h b t rm ri Ag (mm2) 
σu 
(MPa) n 
Nu,num 
(kN) ξcr (%) 
h-w 
length 
(mm) 
Ncr/Ny Ncr (kN) CARBON Nnl 
STAINLESS 
Nnl 
S15C1 100 100 3 7 6 1161.37 275 100 308.96 0.5337 290.3 1155.5 0.5 100 2.6800 774.18 0.61 
S15C2 100 100 3 7 6 1161.37 300 100 308.64 0.5337 290.3 1155.5 0.5 100 2.6800 774.18 0.61 
S15C3 100 100 3 7 6 1161.37 350 100 308.1 0.5337 290.3 1155.5 0.5 100 2.6800 774.18 0.61 
S15C4 100 100 3 7 6 1161.37 450 100 300.44 0.5337 290.3 1155.5 0.5 100 2.6800 774.18 0.61 
S16C1 110 110 2 5 4 862.83 275 100 201.81 0.2141 215.7 860.22 0.3 110 0.9600 206.45 1.02 
S16C2 110 110 2 5 4 862.83 300 100 191 0.2141 215.7 860.22 0.3 110 0.9600 206.45 1.02 
S16C3 110 110 2 5 4 862.83 350 100 200.45 0.2141 215.7 860.22 0.3 110 0.9600 206.45 1.02 
S16C4 110 110 2 5 4 862.83 450 100 198.35 0.2141 215.7 860.22 0.3 110 0.9600 206.45 1.02 
S17C1 120 120 2 5 4 942.83 275 100 201.29 0.1961 235.7 940.22 0.27 120 0.8100 190.39 1.11 
S17C2 120 120 2 5 4 942.83 300 100 200.98 0.1961 235.7 940.22 0.27 120 0.8100 190.39 1.11 
S17C2 120 120 2 5 4 942.83 350 100 199.92 0.1961 235.7 940.22 0.27 120 0.8100 190.39 1.11 
S17C4 120 120 2 5 4 942.83 450 100 199.28 0.1961 235.7 940.22 0.27 120 0.8100 190.39 1.11 
S18C1 130 130 2 5 4 1022.83 275 100 198.7 0.1810 255.7 1020.22 0.25 130 0.6900 175.98 1.2 
S18C2 130 130 2 5 4 1022.83 300 100 198.38 0.1810 255.7 1020.22 0.25 130 0.6900 175.98 1.2 
S18C3 130 130 2 5 4 1022.83 350 100 197.2 0.1810 255.7 1020.22 0.25 130 0.6900 175.98 1.2 
S18C4 130 130 2 5 4 1022.83 450 100 195.6 0.1810 255.7 1020.22 0.25 130 0.6900 175.98 1.2 
S19C1 140 140 2 5 4 1102.83 275 100 198.27 0.1680 275.7 1100.22 0.23 140 0.5900 162.28 1.3 
S19C2 140 140 2 5 4 1102.83 300 100 198.16 0.1680 275.7 1100.22 0.23 140 0.5900 162.28 1.3 
S19C3 140 140 2 5 4 1102.83 350 100 197.73 0.1680 275.7 1100.22 0.23 140 0.5900 162.28 1.3 
S19C4 140 140 2 5 4 1102.83 450 100 196.85 0.1680 275.7 1100.22 0.23 140 0.5900 162.28 1.3 
S20C1 120 120 1 4 4 827.98 275 100 150.55 0.1506 206.99 823.39 0.55 120 0.6206 155.15 1.26 
S20C2 120 120 1 4 4 827.98 300 100 150.44 0.1506 206.99 823.39 0.55 120 0.6206 155.15 1.26 
S20C3 120 120 1 4 4 827.98 350 100 150.22 0.1506 206.99 823.39 0.55 120 0.6206 155.15 1.26 
S20C4 120 120 1 4 4 827.98 450 100 149.47 0.1506 206.99 823.39 0.55 120 0.6206 155.15 1.26 
S21C1 120 120 1 4 4 709.69 275 100 112.56 0.1110 177.42 705.92 0.53 120 0.4579 114.47 1.47 
S21C2 120 120 1 4 4 709.69 300 100 112.34 0.1110 177.42 705.92 0.53 120 0.4579 114.47 1.47 
S21C3 120 120 1 4 4 709.69 350 100 111.47 0.1110 177.42 705.92 0.53 120 0.4579 114.47 1.47 
S21C4 120 120 1 4 4 709.69 450 100 110.37 0.1110 177.42 705.92 0.53 120 0.4579 114.47 1.47 
R1C1 80 60 1 4 3 476.86 275 100 122.07 0.2651 119.2 475.1 0.36 70 1.6900 200.72 0.77 
R1C2 80 60 1 4 3 476.86 300 100 121.65 0.2651 119.2 475.1 0.36 70 1.6900 200.72 0.77 
R1C3 80 60 1 4 3 476.86 350 100 120.08 0.2651 119.2 475.1 0.36 70 1.6900 200.72 0.77 
R1C4 80 60 1 4 3 476.86 450 100 117.99 0.2651 119.2 475.1 0.36 70 1.6900 200.72 0.77 
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Specimen 
Cross-section properties (mm) Material Numerical Results A·σ0.2 
(kN) 
CUFSM cross-
sectional 
slenderness 
√(Ny/Ncr ) 
DSM 
h b t rm ri Ag (mm2) 
σu 
(MPa) n 
Nu,num 
(kN) ξcr (%) 
h-w 
length 
(mm) 
Ncr/Ny Ncr (kN) CARBON Nnl 
STAINLESS 
Nnl 
R2C1 80 60 2 5 4 542.83 275 100 140.18 0.3472 135.7 540.22 0.48 75 2.2200 299.82 0.67 
R2C2 80 60 2 5 4 542.83 300 100 140.91 0.3472 135.7 540.22 0.48 75 2.2200 299.82 0.67 
R2C3 80 60 2 5 4 542.83 350 100 139.55 0.3472 135.7 540.22 0.48 75 2.2200 299.82 0.67 
R2C4 80 60 2 5 4 542.83 450 100 135.98 0.3472 135.7 540.22 0.48 75 2.2200 299.82 0.67 
R3C1 80 60 2 5 4 608.27 275 100 160.1 0.4409 152.1 605.32 0.48 75 2.8400 429.77 0.59 
R3C2 80 60 2 5 4 608.27 300 100 160.21 0.4409 152.1 605.32 0.48 75 2.8400 429.77 0.59 
R3C3 80 60 2 5 4 608.27 350 100 160.31 0.4409 152.1 605.32 0.48 75 2.8400 429.77 0.59 
R3C4 80 60 2 5 4 608.27 450 100 157.05 0.4409 152.1 605.32 0.48 75 2.8400 429.77 0.59 
R4C1 80 60 3 5 4 811.67 275 100 218.33 0.7688 202.9 807.35 0.53 70 4.9200 993.04 0.45 
R4C2 80 60 3 5 4 811.67 300 100 220.35 0.7688 202.9 807.35 0.53 70 4.9200 993.04 0.45 
R4C3 80 60 3 5 4 811.67 350 100 221.52 0.7688 202.9 807.35 0.53 70 4.9200 993.04 0.45 
R4C4 80 60 3 5 4 811.67 450 100 222.16 0.7688 202.9 807.35 0.53 70 4.9200 993.04 0.45 
R5C1 80 60 3 7 6 801.37 275 100 215.98 0.7921 200.3 795.51 0.73 75 5.1800 1030.18 0.44 
R5C2 80 60 3 7 6 801.37 300 100 218.11 0.7921 200.3 795.51 0.73 75 5.1800 1030.18 0.44 
R5C3 80 60 3 7 6 801.37 350 100 218.86 0.7921 200.3 795.51 0.73 75 5.1800 1030.18 0.44 
R5C4 80 60 3 7 6 801.37 450 100 219.18 0.7921 200.3 795.51 0.73 75 5.1800 1030.18 0.44 
R6C1 65 90 1 4 4 530.48 275 100 132.84 0.2395 132.62 525.89 0.86 80 1.3629 340.72 0.85 
R6C2 65 90 1 4 4 530.48 300 100 132.73 0.2395 132.62 525.89 0.86 80 1.3629 340.72 0.85 
R6C3 65 90 1 4 4 530.48 350 100 131.9 0.2395 132.62 525.89 0.86 80 1.3629 340.72 0.85 
R6C4 65 90 1 4 4 530.48 450 100 129.07 0.2395 132.62 525.89 0.86 80 1.3629 340.72 0.85 
R7C1 65 90 1 4 4 454.69 275 100 107.18 0.1769 113.67 450.92 0.83 80 1.0080 252 0.99 
R7C2 65 90 1 4 4 454.69 300 100 106.97 0.1769 113.67 450.92 0.83 80 1.0080 252 0.99 
R7C3 65 90 1 4 4 454.69 350 100 106.44 0.1769 113.67 450.92 0.83 80 1.0080 252 0.99 
R7C4 65 90 1 4 4 454.69 450 100 105.5 0.1769 113.67 450.92 0.83 80 1.0080 252 0.99 
R8C1 50 100 1 3 4 514.48 275 100 124.78 0.2298 128.62 510.1 0.85 80 1.1727 293.17 0.92 
R8C2 50 100 1 3 4 514.48 300 100 125.41 0.2298 128.62 510.1 0.85 80 1.1727 293.17 0.92 
R8C3 50 100 1 3 4 514.48 350 100 124.36 0.2298 128.62 510.1 0.85 80 1.1727 293.17 0.92 
R8C4 50 100 1 3 4 514.48 450 100 123 0.2298 128.62 510.1 0.85 80 1.1727 293.17 0.92 
R9C1 50 100 1 3 4 440.98 275 100 99.37 0.1693 110.24 437.41 0.8 80 0.8633 215.84 1.07 
R9C2 50 100 1 3 4 440.98 300 100 99.16 0.1693 110.24 437.41 0.8 80 0.8633 215.84 1.07 
R9C3 50 100 1 3 4 440.98 350 100 98.4 0.1693 110.24 437.41 0.8 80 0.8633 215.84 1.07 
R9C4 50 100 1 3 4 440.98 450 100 97.33 0.1693 110.24 437.41 0.8 80 0.8633 215.84 1.07 
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Specimen 
Cross-section properties (mm) Material Numerical Results A·σ0.2 
(kN) 
CUFSM cross-
sectional 
slenderness 
√(Ny/Ncr ) 
DSM 
h b t rm ri Ag (mm2) 
σu 
(MPa) n 
Nu,num 
(kN) ξcr (%) 
h-w 
length 
(mm) 
Ncr/Ny Ncr (kN) CARBON Nnl 
STAINLESS 
Nnl 
R10C1 80 120 2 4 5 786.26 275 100 188.25 0.2375 196.56 780.22 0.76 100 1.0073 251.82 0.99 
R10C2 80 120 2 4 5 786.26 300 100 187.83 0.2375 196.56 780.22 0.76 100 1.0073 251.82 0.99 
R10C3 80 120 2 4 5 786.26 350 100 186.77 0.2375 196.56 780.22 0.76 100 1.0073 251.82 0.99 
R10C4 80 120 2 4 5 786.26 450 100 184.33 0.2375 196.56 780.22 0.76 100 1.0073 251.82 0.99 
R11C1 80 120 1 4 4 687.98 275 100 148.6 0.1823 171.99 683.39 0.66 100 0.7747 193.69 1.13 
R11C2 80 120 1 4 4 687.98 300 100 148.39 0.1823 171.99 683.39 0.66 100 0.7747 193.69 1.13 
R11C3 80 120 1 4 4 687.98 350 100 147.63 0.1823 171.99 683.39 0.66 100 0.7747 193.69 1.13 
R11C4 80 120 1 4 4 687.98 450 100 146.12 0.1823 171.99 683.39 0.66 100 0.7747 193.69 1.13 
R12C1 80 120 1 4 4 589.69 275 100 107.52 0.1343 147.42 585.92 0.64 100 0.5713 142.83 1.32 
R12C2 80 120 1 4 4 589.69 300 100 107.31 0.1343 147.42 585.92 0.64 100 0.5713 142.83 1.32 
R12C3 80 120 1 4 4 589.69 350 100 107.2 0.1343 147.42 585.92 0.64 100 0.5713 142.83 1.32 
R12C4 80 120 1 4 4 589.69 450 100 106.87 0.1343 147.42 585.92 0.64 100 0.5713 142.83 1.32 
Table 1: RHS and SHS stub column test data 
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Specimen 
Cross-section properties (mm) Material Numerical Results A·σ0.2 
(kN) 
CUFSM cross-
sectional 
slenderness 
√(Ny/Ncr ) 
DSM 
h b t rm ri Ag (mm2) 
σu 
(MPa) n 
Nu,num 
(kN) ξcr (%) 
h-w 
length 
(mm) 
Ncr/Ny Ncr (kN) CARBON Nnl 
STAINLESS 
Nnl 
C1M1 40 30 2 2 5 183.42 275 5 50.71 0.2695 45.9 70 2.82 134.02 0.5954 45.9 44.74 
C1M3 40 30 2 2 5 183.42 300 5 51.04 0.2695 45.9 70 2.82 134.02 0.5954 45.9 44.74 
C1M5 40 30 2 2 5 183.42 350 5 52.36 0.2695 45.9 70 2.82 134.02 0.5954 45.9 44.74 
C1M7 40 30 2 2 5 183.42 450 5 54.89 0.2695 45.9 70 2.82 134.02 0.5954 45.9 44.74 
C2M1 40 30 3 3 7 262.69 275 5 73.81 0.6225 65.7 70 6.56 455.51 0.3904 65.7 65.7 
C2M3 40 30 3 3 7 262.69 300 5 75.79 0.6225 65.7 70 6.56 455.51 0.3904 65.7 65.7 
C2M5 40 30 3 3 7 262.69 350 5 79.75 0.6225 65.7 70 6.56 455.51 0.3904 65.7 65.7 
C2M7 40 30 3 3 7 262.69 450 5 88.22 0.6225 65.7 70 6.56 455.51 0.3904 65.7 65.7 
C3M1 60 30 3 3 7 322.69 275 5 89.87 0.7001 80.7 80 5.51 465.25 0.4260 80.7 80.7 
C3M3 60 30 3 3 7 322.69 300 5 91.85 0.7001 80.7 80 5.51 465.25 0.4260 80.7 80.7 
C3M5 60 30 3 3 7 322.69 350 5 96.69 0.7001 80.7 80 5.51 465.25 0.4260 80.7 80.7 
C3M7 60 30 3 3 7 322.69 450 5 101.53 0.7001 80.7 80 5.51 465.25 0.4260 80.7 80.7 
C4M1 60 35 3 3 7 352.69 275 5 98.12 0.5691 88.2 90 4.35 399.92 0.4794 88.2 88.2 
C4M3 60 35 3 3 7 352.69 300 5 99.88 0.5691 88.2 90 4.35 399.92 0.4794 88.2 88.2 
C4M5 60 35 3 3 7 352.69 350 5 103.07 0.5691 88.2 90 4.35 399.92 0.4794 88.2 88.2 
C4M7 60 35 3 3 7 352.69 450 5 110.44 0.5691 88.2 90 4.35 399.92 0.4794 88.2 88.2 
C5M1 80 40 3 3 8 476.21 275 5 132.33 0.6071 119.1 100 3.6 444.52 0.5270 119.1 119.1 
C5M3 80 40 3 3 8 476.21 300 5 134.53 0.6071 119.1 100 3.6 444.52 0.5270 119.1 119.1 
C5M5 80 40 3 3 8 476.21 350 5 137.39 0.6071 119.1 100 3.6 444.52 0.5270 119.1 119.1 
C5M7 80 40 3 3 8 476.21 450 5 146.74 0.6071 119.1 100 3.6 444.52 0.5270 119.1 119.1 
C6M1 80 40 3 3 7 442.69 275 5 122.65 0.5142 110.7 100 3.05 349.03 0.5725 110.7 109.38 
C6M3 80 40 3 3 7 442.69 300 5 124.08 0.5142 110.7 100 3.05 349.03 0.5725 110.7 109.38 
C6M5 80 40 3 3 7 442.69 350 5 127.27 0.5142 110.7 100 3.05 349.03 0.5725 110.7 109.38 
C6M7 80 40 3 3 7 442.69 450 5 131.45 0.5142 110.7 100 3.05 349.03 0.5725 110.7 109.38 
C7M1 100 50 3 3 7 562.69 275 5 149.38 0.4069 140.7 140 1.92 267.72 0.7216 140.7 125.77 
C7M3 100 50 3 3 7 562.69 300 5 148.17 0.4069 140.7 140 1.92 267.72 0.7216 140.7 125.77 
C7M5 100 50 3 3 7 562.69 350 5 149.27 0.4069 140.7 140 1.92 267.72 0.7216 140.7 125.77 
C7M7 100 50 3 3 7 562.69 450 5 150.59 0.4069 140.7 140 1.92 267.72 0.7216 140.7 125.77 
C8M1 100 50 4 4 10 733.66 275 5 203.61 0.7350 183.4 140 3.47 659.68 0.5368 183.4 183.4 
C8M3 100 50 4 4 10 733.66 300 5 206.8 0.7350 183.4 140 3.47 659.68 0.5368 183.4 183.4 
C8M5 100 50 4 4 10 733.66 350 5 213.62 0.7350 183.4 140 3.47 659.68 0.5368 183.4 183.4 
C8M7 100 50 4 4 10 733.66 450 5 219.01 0.7350 183.4 140 3.47 659.68 0.5368 183.4 183.4 
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Specimen 
Cross-section properties (mm) Material Numerical Results A·σ0.2 
(kN) 
CUFSM cross-
sectional 
slenderness 
√(Ny/Ncr ) 
DSM 
h b t rm ri Ag (mm2) 
σu 
(MPa) n 
Nu,num 
(kN) ξcr (%) 
h-w 
length 
(mm) 
Ncr/Ny Ncr (kN) CARBON Nnl 
STAINLESS 
Nnl 
C9M1 120 60 3 3 7 682.69 275 5 158.62 0.3368 170.7 160 1.33 232 0.8671 159.15 137.07 
C9M3 120 60 3 3 7 682.69 300 5 158.62 0.3368 170.7 160 1.33 232 0.8671 159.15 137.07 
C9M5 120 60 3 3 7 682.69 350 5 159.39 0.3368 170.7 160 1.33 232 0.8671 159.15 137.07 
C9M7 120 60 3 3 7 682.69 450 5 158.51 0.3368 170.7 160 1.33 232 0.8671 159.15 137.07 
C10M1 140 60 5 5 12 1196.35 275 5 331.87 0.9702 299.1 180 3.32 1027.7 0.5488 299.1 299.1 
C10M3 140 60 5 5 12 1196.35 300 5 335.06 0.9702 299.1 180 3.32 1027.7 0.5488 299.1 299.1 
C10M5 140 60 5 5 12 1196.35 350 5 346.28 0.9702 299.1 180 3.32 1027.7 0.5488 299.1 299.1 
C10M7 140 60 5 5 12 1196.35 450 5 367.18 0.9702 299.1 180 3.32 1027.7 0.5488 299.1 299.1 
C11M1 160 70 5 5 12 1396.35 275 5 384.34 0.8253 349.1 200 2.47 888.08 0.6362 349.1 331.52 
C11M3 160 70 5 5 12 1396.35 300 5 382.58 0.8253 349.1 200 2.47 888.08 0.6362 349.1 331.52 
C11M5 160 70 5 5 12 1396.35 350 5 392.26 0.8253 349.1 200 2.47 888.08 0.6362 349.1 331.52 
C11M7 160 70 5 5 12 1396.35 450 5 402.16 0.8253 349.1 200 2.47 888.08 0.6362 349.1 331.52 
C12M1 40 30 1 1 4 168.42 275 5 45.21 0.2010 42.1 70 2.14 90.12 0.6835 42.1 38.69 
C12M3 40 30 1 1 4 168.42 300 5 45.43 0.2010 42.1 70 2.14 90.12 0.6835 42.1 38.69 
C12M5 40 30 1 1 4 168.42 350 5 45.76 0.2010 42.1 70 2.14 90.12 0.6835 42.1 38.69 
C12M7 40 30 1 1 4 168.42 450 5 46.2 0.2010 42.1 70 2.14 90.12 0.6835 42.1 38.69 
C13M1 40 30 1 1 3 145.17 275 5 36.85 0.1472 36.29 70 1.56 56.7 0.8000 35.6 30.62 
C13M3 40 30 1 1 3 145.17 300 5 36.96 0.1472 36.29 70 1.56 56.7 0.8000 35.6 30.62 
C13M5 40 30 1 1 3 145.17 350 5 37.07 0.1472 36.29 70 1.56 56.7 0.8000 35.6 30.62 
C13M7 40 30 1 1 3 145.17 450 5 37.29 0.1472 36.29 70 1.56 56.7 0.8000 35.6 30.62 
C14M1 40 30 1 1 3 121.64 275 5 26.95 0.1020 30.41 70 1.07 32.75 0.9635 26.48 22.77 
C14M3 40 30 1 1 3 121.64 300 5 26.95 0.1020 30.41 70 1.07 32.75 0.9635 26.48 22.77 
C14M5 40 30 1 1 3 121.64 350 5 26.95 0.1020 30.41 70 1.07 32.75 0.9635 26.48 22.77 
C14M7 40 30 1 1 3 121.64 450 5 26.95 0.1020 30.41 70 1.07 32.75 0.9635 26.48 22.77 
C15M1 40 30 1 1 2 97.85 275 5 18.48 0.0651 24.46 70 0.68 16.77 1.2076 18.32 15.55 
C15M3 40 30 1 1 2 97.85 300 5 18.59 0.0651 24.46 70 0.68 16.77 1.2076 18.32 15.55 
C15M5 40 30 1 1 2 97.85 350 5 18.48 0.0651 24.46 70 0.68 16.77 1.2076 18.32 15.55 
C15M7 40 30 1 1 2 97.85 450 5 18.48 0.0651 24.46 70 0.68 16.77 1.2076 18.32 15.55 
C16M1 50 40 1 1 3 190.17 275 5 39.05 0.1051 47.54 90 0.88 42.02 1.0636 38.79 33.21 
C16M3 50 40 1 1 3 190.17 300 5 39.38 0.1051 47.54 90 0.88 42.02 1.0636 38.79 33.21 
C16M5 50 40 1 1 3 190.17 350 5 39.6 0.1051 47.54 90 0.88 42.02 1.0636 38.79 33.21 
C16M7 50 40 1 1 3 190.17 450 5 39.71 0.1051 47.54 90 0.88 42.02 1.0636 38.79 33.21 
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Specimen 
Cross-section properties (mm) Material Numerical Results A·σ0.2 
(kN) 
CUFSM cross-
sectional 
slenderness 
√(Ny/Ncr ) 
DSM 
h b t rm ri Ag (mm2) 
σu 
(MPa) n 
Nu,num 
(kN) ξcr (%) 
h-w 
length 
(mm) 
Ncr/Ny Ncr (kN) CARBON Nnl 
STAINLESS 
Nnl 
C17M1 50 40 1 1 3 159.14 275 5 29.26 0.0728 39.78 90 0.61 24.3 1.2795 28.64 24.19 
C17M3 50 40 1 1 3 159.14 300 5 29.37 0.0728 39.78 90 0.61 24.3 1.2795 28.64 24.19 
C17M5 50 40 1 1 3 159.14 350 5 29.48 0.0728 39.78 90 0.61 24.3 1.2795 28.64 24.19 
C17M7 50 40 1 1 3 159.14 450 5 29.7 0.0728 39.78 90 0.61 24.3 1.2795 28.64 24.19 
C18M1 50 50 1 1 3 220.17 275 5 40.92 0.0727 55.04 110 0.58 32.33 1.3046 39.09 32.96 
C18M3 50 50 1 1 3 220.17 300 5 41.14 0.0727 55.04 110 0.58 32.33 1.3046 39.09 32.96 
C18M5 50 50 1 1 3 220.17 350 5 41.25 0.0727 55.04 110 0.58 32.33 1.3046 39.09 32.96 
C18M7 50 50 1 1 3 220.17 450 5 40.92 0.0727 55.04 110 0.58 32.33 1.3046 39.09 32.96 
C19M1 50 50 1 1 3 184.14 275 5 31.02 0.0504 46.03 110 0.4 18.7 1.5688 28.75 23.76 
C19M3 50 50 1 1 3 184.14 300 5 31.02 0.0504 46.03 110 0.4 18.7 1.5688 28.75 23.76 
C19M5 50 50 1 1 3 184.14 350 5 31.13 0.0504 46.03 110 0.4 18.7 1.5688 28.75 23.76 
C19M7 50 50 1 1 3 184.14 450 5 30.58 0.0504 46.03 110 0.4 18.7 1.5688 28.75 23.76 
C20M1 55 60 1 1 4 274.5 275 5 48.18 0.0699 68.62 130 0.46 32.25 1.4586 45.1 37.59 
C20M3 55 60 1 1 4 274.5 300 5 48.29 0.0699 68.62 130 0.46 32.25 1.4586 45.1 37.59 
C20M5 55 60 1 1 4 274.5 350 5 48.4 0.0699 68.62 130 0.46 32.25 1.4586 45.1 37.59 
C20M7 55 60 1 1 4 274.5 450 5 47.85 0.0699 68.62 130 0.46 32.25 1.4586 45.1 37.59 
C21M1 55 60 1 1 3 240.79 275 5 39.27 0.0535 60.19 130 0.35 21.6 1.6692 35.97 29.5 
C21M3 55 60 1 1 3 240.79 300 5 39.27 0.0535 60.19 130 0.35 21.6 1.6692 35.97 29.5 
C21M5 55 60 1 1 3 240.79 350 5 39.38 0.0535 60.19 130 0.35 21.6 1.6692 35.97 29.5 
C21M7 55 60 1 1 3 240.79 450 5 38.94 0.0535 60.19 130 0.35 21.6 1.6692 35.97 29.5 
C22M1 60 70 1 1 3 295.17 275 5 45.1 0.0485 73.79 150 0.3 22.55 1.8088 41.64 33.79 
C22M3 60 70 1 1 3 295.17 300 5 45.32 0.0485 73.79 150 0.3 22.55 1.8088 41.64 33.79 
C22M5 60 70 1 1 3 295.17 350 5 45.65 0.0485 73.79 150 0.3 22.55 1.8088 41.64 33.79 
C22M7 60 70 1 1 3 295.17 450 5 46.09 0.0485 73.79 150 0.3 22.55 1.8088 41.64 33.79 
C23M1 70 80 1 1 4 395.92 275 5 61.49 0.0631 98.98 170 0.31 31.42 1.7748 56.62 46.06 
C23M3 70 80 1 1 4 395.92 300 5 61.6 0.0631 98.98 170 0.31 31.42 1.7748 56.62 46.06 
C23M5 70 80 1 1 4 395.92 350 5 61.49 0.0631 98.98 170 0.31 31.42 1.7748 56.62 46.06 
C23M7 70 80 1 1 4 395.92 450 5 61.93 0.0631 98.98 170 0.31 31.42 1.7748 56.62 46.06 
C1M2 40 30 2 2 5 183.42 275 10 50.6 0.2695 45.9 70 2.82 134.02 0.5954 45.9 44.74 
C1M4 40 30 2 2 5 183.42 300 10 50.93 0.2695 45.9 70 2.82 134.02 0.5954 45.9 44.74 
C1M6 40 30 2 2 5 183.42 350 10 51.92 0.2695 45.9 70 2.82 134.02 0.5954 45.9 44.74 
C1M8 40 30 2 2 5 183.42 450 10 53.57 0.2695 45.9 70 2.82 134.02 0.5954 45.9 44.74 
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Specimen 
Cross-section properties (mm) Material Numerical Results A·σ0.2 
(kN) 
CUFSM cross-
sectional 
slenderness 
√(Ny/Ncr ) 
DSM 
h b t rm ri Ag (mm2) 
σu 
(MPa) n 
Nu,num 
(kN) ξcr (%) 
h-w 
length 
(mm) 
Ncr/Ny Ncr (kN) CARBON Nnl 
STAINLESS 
Nnl 
C2M2 40 30 3 3 7 262.69 275 10 73.7 0.6225 65.7 70 6.56 455.51 0.3904 65.7 65.7 
C2M4 40 30 3 3 7 262.69 300 10 75.68 0.6225 65.7 70 6.56 455.51 0.3904 65.7 65.7 
C2M6 40 30 3 3 7 262.69 350 10 79.2 0.6225 65.7 70 6.56 455.51 0.3904 65.7 65.7 
C2M8 40 30 3 3 7 262.69 450 10 87.34 0.6225 65.7 70 6.56 455.51 0.3904 65.7 65.7 
C3M2 60 30 3 3 7 322.69 275 10 89.87 0.7001 80.7 80 5.51 465.25 0.4260 80.7 80.7 
C3M4 60 30 3 3 7 322.69 300 10 91.85 0.7001 80.7 80 5.51 465.25 0.4260 80.7 80.7 
C3M6 60 30 3 3 7 322.69 350 10 96.25 0.7001 80.7 80 5.51 465.25 0.4260 80.7 80.7 
C3M8 60 30 3 3 7 322.69 450 10 102.3 0.7001 80.7 80 5.51 465.25 0.4260 80.7 80.7 
C4M2 60 35 3 3 7 352.69 275 10 98.01 0.5691 88.2 90 4.35 399.92 0.4794 88.2 88.2 
C4M4 60 35 3 3 7 352.69 300 10 99.88 0.5691 88.2 90 4.35 399.92 0.4794 88.2 88.2 
C4M6 60 35 3 3 7 352.69 350 10 102.3 0.5691 88.2 90 4.35 399.92 0.4794 88.2 88.2 
C4M8 60 35 3 3 7 352.69 450 10 108.13 0.5691 88.2 90 4.35 399.92 0.4794 88.2 88.2 
C5M2 80 40 3 3 8 476.21 275 10 132.22 0.6071 119.1 100 3.6 444.52 0.5270 119.1 119.1 
C5M4 80 40 3 3 8 476.21 300 10 133.87 0.6071 119.1 100 3.6 444.52 0.5270 119.1 119.1 
C5M6 80 40 3 3 8 476.21 350 10 136.62 0.6071 119.1 100 3.6 444.52 0.5270 119.1 119.1 
C5M8 80 40 3 3 8 476.21 450 10 143.66 0.6071 119.1 100 3.6 444.52 0.5270 119.1 119.1 
C6M2 80 40 3 3 7 442.69 275 10 122.43 0.5142 110.7 100 3.05 349.03 0.5725 110.7 109.38 
C6M4 80 40 3 3 7 442.69 300 10 123.53 0.5142 110.7 100 3.05 349.03 0.5725 110.7 109.38 
C6M6 80 40 3 3 7 442.69 350 10 125.95 0.5142 110.7 100 3.05 349.03 0.5725 110.7 109.38 
C6M8 80 40 3 3 7 442.69 450 10 127.93 0.5142 110.7 100 3.05 349.03 0.5725 110.7 109.38 
C7M2 100 50 3 3 7 562.69 275 10 147.62 0.4069 140.7 140 1.92 267.72 0.7216 140.7 125.77 
C7M4 100 50 3 3 7 562.69 300 10 148.94 0.4069 140.7 140 1.92 267.72 0.7216 140.7 125.77 
C7M6 100 50 3 3 7 562.69 350 10 149.38 0.4069 140.7 140 1.92 267.72 0.7216 140.7 125.77 
C7M8 100 50 3 3 7 562.69 450 10 147.95 0.4069 140.7 140 1.92 267.72 0.7216 140.7 125.77 
C8M2 100 50 4 4 10 733.66 275 10 203.61 0.7350 183.4 140 3.47 659.68 0.5368 183.4 183.4 
C8M4 100 50 4 4 10 733.66 300 10 206.25 0.7350 183.4 140 3.47 659.68 0.5368 183.4 183.4 
C8M6 100 50 4 4 10 733.66 350 10 211.31 0.7350 183.4 140 3.47 659.68 0.5368 183.4 183.4 
C8M8 100 50 4 4 10 733.66 450 10 217.03 0.7350 183.4 140 3.47 659.68 0.5368 183.4 183.4 
C9M2 120 60 3 3 7 682.69 275 10 164.12 0.3368 170.7 160 1.33 232 0.8671 159.15 137.07 
C9M4 120 60 3 3 7 682.69 300 10 164.12 0.3368 170.7 160 1.33 232 0.8671 159.15 137.07 
C9M6 120 60 3 3 7 682.69 350 10 164.01 0.3368 170.7 160 1.33 232 0.8671 159.15 137.07 
C9M8 120 60 3 3 7 682.69 450 10 163.13 0.3368 170.7 160 1.33 232 0.8671 159.15 137.07 
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Specimen 
Cross-section properties (mm) Material Numerical Results A·σ0.2 
(kN) 
CUFSM cross-
sectional 
slenderness 
√(Ny/Ncr ) 
DSM 
h b t rm ri Ag (mm2) 
σu 
(MPa) n 
Nu,num 
(kN) ξcr (%) 
h-w 
length 
(mm) 
Ncr/Ny Ncr (kN) CARBON Nnl 
STAINLESS 
Nnl 
C10M2 140 60 5 5 12 1196.35 275 10 331.43 0.9702 299.1 180 3.32 1027.7 0.5488 299.1 299.1 
C10M4 140 60 5 5 12 1196.35 300 10 333.85 0.9702 299.1 180 3.32 1027.7 0.5488 299.1 299.1 
C10M6 140 60 5 5 12 1196.35 350 10 344.74 0.9702 299.1 180 3.32 1027.7 0.5488 299.1 299.1 
C10M8 140 60 5 5 12 1196.35 450 10 360.36 0.9702 299.1 180 3.32 1027.7 0.5488 299.1 299.1 
C11M2 160 70 5 5 12 1396.35 275 10 383.46 0.8253 349.1 200 2.47 888.08 0.6362 349.1 331.52 
C11M4 160 70 5 5 12 1396.35 300 10 381.59 0.8253 349.1 200 2.47 888.08 0.6362 349.1 331.52 
C11M6 160 70 5 5 12 1396.35 350 10 385.22 0.8253 349.1 200 2.47 888.08 0.6362 349.1 331.52 
C11M8 160 70 5 5 12 1396.35 450 10 391.27 0.8253 349.1 200 2.47 888.08 0.6362 349.1 331.52 
C12M2 40 30 1 1 4 168.42 275 10 45.54 0.2010 42.1 70 2.14 90.12 0.6835 42.1 38.69 
C12M4 40 30 1 1 4 168.42 300 10 45.76 0.2010 42.1 70 2.14 90.12 0.6835 42.1 38.69 
C12M6 40 30 1 1 4 168.42 350 10 45.87 0.2010 42.1 70 2.14 90.12 0.6835 42.1 38.69 
C12M8 40 30 1 1 4 168.42 450 10 46.09 0.2010 42.1 70 2.14 90.12 0.6835 42.1 38.69 
C13M2 40 30 1 1 3 145.17 275 10 36.63 0.1472 36.29 70 1.56 56.7 0.8000 35.6 30.62 
C13M4 40 30 1 1 3 145.17 300 10 36.63 0.1472 36.29 70 1.56 56.7 0.8000 35.6 30.62 
C13M6 40 30 1 1 3 145.17 350 10 37.07 0.1472 36.29 70 1.56 56.7 0.8000 35.6 30.62 
C13M8 40 30 1 1 3 145.17 450 10 36.52 0.1472 36.29 70 1.56 56.7 0.8000 35.6 30.62 
C14M2 40 30 1 1 3 121.64 275 10 28.05 0.1020 30.41 70 1.07 32.75 0.9635 26.48 22.77 
C14M4 40 30 1 1 3 121.64 300 10 28.05 0.1020 30.41 70 1.07 32.75 0.9635 26.48 22.77 
C14M6 40 30 1 1 3 121.64 350 10 27.94 0.1020 30.41 70 1.07 32.75 0.9635 26.48 22.77 
C14M8 40 30 1 1 3 121.64 450 10 27.83 0.1020 30.41 70 1.07 32.75 0.9635 26.48 22.77 
C15M2 40 30 1 1 2 97.85 275 10 19.36 0.0651 24.46 70 0.68 16.77 1.2076 18.32 15.55 
C15M4 40 30 1 1 2 97.85 300 10 19.36 0.0651 24.46 70 0.68 16.77 1.2076 18.32 15.55 
C15M6 40 30 1 1 2 97.85 350 10 19.36 0.0651 24.46 70 0.68 16.77 1.2076 18.32 15.55 
C15M8 40 30 1 1 2 97.85 450 10 19.25 0.0651 24.46 70 0.68 16.77 1.2076 18.32 15.55 
C16M2 50 40 1 1 3 190.17 275 10 41.03 0.1051 47.54 90 0.88 42.02 1.0636 38.79 33.21 
C16M4 50 40 1 1 3 190.17 300 10 41.25 0.1051 47.54 90 0.88 42.02 1.0636 38.79 33.21 
C16M6 50 40 1 1 3 190.17 350 10 41.25 0.1051 47.54 90 0.88 42.02 1.0636 38.79 33.21 
C16M8 50 40 1 1 3 190.17 450 10 41.14 0.1051 47.54 90 0.88 42.02 1.0636 38.79 33.21 
C17M2 50 40 1 1 3 159.14 275 10 30.47 0.0728 39.78 90 0.61 24.3 1.2795 28.64 24.19 
C17M4 50 40 1 1 3 159.14 300 10 30.47 0.0728 39.78 90 0.61 24.3 1.2795 28.64 24.19 
C17M6 50 40 1 1 3 159.14 350 10 30.47 0.0728 39.78 90 0.61 24.3 1.2795 28.64 24.19 
C17M8 50 40 1 1 3 159.14 450 10 30.36 0.0728 39.78 90 0.61 24.3 1.2795 28.64 24.19 
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Specimen 
Cross-section properties (mm) Material Numerical Results A·σ0.2 
(kN) 
CUFSM cross-
sectional 
slenderness 
√(Ny/Ncr ) 
DSM 
h b t rm ri Ag (mm2) 
σu 
(MPa) n 
Nu,num 
(kN) ξcr (%) 
h-w 
length 
(mm) 
Ncr/Ny Ncr (kN) CARBON Nnl 
STAINLESS 
Nnl 
C18M2 50 50 1 1 3 220.17 275 10 42.24 0.0727 55.04 110 0.58 32.33 1.3046 39.09 32.96 
C18M4 50 50 1 1 3 220.17 300 10 42.24 0.0727 55.04 110 0.58 32.33 1.3046 39.09 32.96 
C18M6 50 50 1 1 3 220.17 350 10 42.35 0.0727 55.04 110 0.58 32.33 1.3046 39.09 32.96 
C18M8 50 50 1 1 3 220.17 450 10 42.13 0.0727 55.04 110 0.58 32.33 1.3046 39.09 32.96 
C19M2 50 50 1 1 3 184.14 275 10 32.34 0.0504 46.03 110 0.4 18.7 1.5688 28.75 23.76 
C19M4 50 50 1 1 3 184.14 300 10 32.34 0.0504 46.03 110 0.4 18.7 1.5688 28.75 23.76 
C19M6 50 50 1 1 3 184.14 350 10 32.23 0.0504 46.03 110 0.4 18.7 1.5688 28.75 23.76 
C19M8 50 50 1 1 3 184.14 450 10 32.12 0.0504 46.03 110 0.4 18.7 1.5688 28.75 23.76 
C20M2 55 60 1 1 4 274.5 275 10 49.28 0.0699 68.62 130 0.46 32.25 1.4586 45.1 37.59 
C20M4 55 60 1 1 4 274.5 300 10 49.28 0.0699 68.62 130 0.46 32.25 1.4586 45.1 37.59 
C20M6 55 60 1 1 4 274.5 350 10 49.39 0.0699 68.62 130 0.46 32.25 1.4586 45.1 37.59 
C20M8 55 60 1 1 4 274.5 450 10 49.28 0.0699 68.62 130 0.46 32.25 1.4586 45.1 37.59 
C21M2 55 60 1 1 3 240.79 275 10 40.81 0.0535 60.19 130 0.35 21.6 1.6692 35.97 29.5 
C21M4 55 60 1 1 3 240.79 300 10 40.81 0.0535 60.19 130 0.35 21.6 1.6692 35.97 29.5 
C21M6 55 60 1 1 3 240.79 350 10 40.81 0.0535 60.19 130 0.35 21.6 1.6692 35.97 29.5 
C21M8 55 60 1 1 3 240.79 450 10 40.59 0.0535 60.19 130 0.35 21.6 1.6692 35.97 29.5 
C22M2 60 70 1 1 3 295.17 275 10 47.63 0.0485 73.79 150 0.3 22.55 1.8088 41.64 33.79 
C22M4 60 70 1 1 3 295.17 300 10 47.63 0.0485 73.79 150 0.3 22.55 1.8088 41.64 33.79 
C22M6 60 70 1 1 3 295.17 350 10 47.63 0.0485 73.79 150 0.3 22.55 1.8088 41.64 33.79 
C22M8 60 70 1 1 3 295.17 450 10 47.3 0.0485 73.79 150 0.3 22.55 1.8088 41.64 33.79 
C23M2 70 80 1 1 4 395.92 275 10 65.01 0.0631 98.98 170 0.31 31.42 1.7748 56.62 46.06 
C23M4 70 80 1 1 4 395.92 300 10 65.01 0.0631 98.98 170 0.31 31.42 1.7748 56.62 46.06 
C23M6 70 80 1 1 4 395.92 350 10 65.01 0.0631 98.98 170 0.31 31.42 1.7748 56.62 46.06 
C23M8 70 80 1 1 4 395.92 450 10 63.47 0.0631 98.98 170 0.31 31.42 1.7748 56.62 46.06 
C1C1 40 30 2 2 5 183.42 275 100 49.83 0.2695 45.9 70 2.82 134.02 0.5954 45.9 44.74 
C1C2 40 30 2 2 5 183.42 300 100 50.38 0.2695 45.9 70 2.82 134.02 0.5954 45.9 44.74 
C1C3 40 30 2 2 5 183.42 350 100 50.49 0.2695 45.9 70 2.82 134.02 0.5954 45.9 44.74 
C1C4 40 30 2 2 5 183.42 450 100 49.17 0.2695 45.9 70 2.82 134.02 0.5954 45.9 44.74 
C2C1 40 30 3 3 7 262.69 275 100 73.48 0.6225 65.7 70 6.56 455.51 0.3904 65.7 65.7 
C2C2 40 30 3 3 7 262.69 300 100 74.47 0.6225 65.7 70 6.56 455.51 0.3904 65.7 65.7 
C2C3 40 30 3 3 7 262.69 350 100 75.35 0.6225 65.7 70 6.56 455.51 0.3904 65.7 65.7 
C2C4 40 30 3 3 7 262.69 450 100 76.12 0.6225 65.7 70 6.56 455.51 0.3904 65.7 65.7 
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Specimen 
Cross-section properties (mm) Material Numerical Results A·σ0.2 
(kN) 
CUFSM cross-
sectional 
slenderness 
√(Ny/Ncr ) 
DSM 
h b t rm ri Ag (mm2) 
σu 
(MPa) n 
Nu,num 
(kN) ξcr (%) 
h-w 
length 
(mm) 
Ncr/Ny Ncr (kN) CARBON Nnl 
STAINLESS 
Nnl 
C3C1 60 30 3 3 7 322.69 275 100 88.99 0.7001 80.7 80 5.51 465.25 0.4260 80.7 80.7 
C3C2 60 30 3 3 7 322.69 300 100 89.76 0.7001 80.7 80 5.51 465.25 0.4260 80.7 80.7 
C3C3 60 30 3 3 7 322.69 350 100 90.64 0.7001 80.7 80 5.51 465.25 0.4260 80.7 80.7 
C3C4 60 30 3 3 7 322.69 450 100 91.41 0.7001 80.7 80 5.51 465.25 0.4260 80.7 80.7 
C4C1 60 35 3 3 7 352.69 275 100 97.46 0.5691 88.2 90 4.35 399.92 0.4794 88.2 88.2 
C4C2 60 35 3 3 7 352.69 300 100 97.9 0.5691 88.2 90 4.35 399.92 0.4794 88.2 88.2 
C4C3 60 35 3 3 7 352.69 350 100 97.79 0.5691 88.2 90 4.35 399.92 0.4794 88.2 88.2 
C4C4 60 35 3 3 7 352.69 450 100 97.57 0.5691 88.2 90 4.35 399.92 0.4794 88.2 88.2 
C5C1 80 40 3 3 8 476.21 275 100 130.9 0.6071 119.1 100 3.6 444.52 0.5270 119.1 119.1 
C5C2 80 40 3 3 8 476.21 300 100 131.45 0.6071 119.1 100 3.6 444.52 0.5270 119.1 119.1 
C5C3 80 40 3 3 8 476.21 350 100 131.56 0.6071 119.1 100 3.6 444.52 0.5270 119.1 119.1 
C5C4 80 40 3 3 8 476.21 450 100 129.47 0.6071 119.1 100 3.6 444.52 0.5270 119.1 119.1 
C6C1 80 40 3 3 7 442.69 275 100 121.33 0.5142 110.7 100 3.05 349.03 0.5725 110.7 109.38 
C6C2 80 40 3 3 7 442.69 300 100 121.55 0.5142 110.7 100 3.05 349.03 0.5725 110.7 109.38 
C6C3 80 40 3 3 7 442.69 350 100 121.44 0.5142 110.7 100 3.05 349.03 0.5725 110.7 109.38 
C6C4 80 40 3 3 7 442.69 450 100 118.58 0.5142 110.7 100 3.05 349.03 0.5725 110.7 109.38 
C7C1 100 50 3 3 7 562.69 275 100 152.02 0.4069 140.7 140 1.92 267.72 0.7216 140.7 125.77 
C7C2 100 50 3 3 7 562.69 300 100 151.25 0.4069 140.7 140 1.92 267.72 0.7216 140.7 125.77 
C7C3 100 50 3 3 7 562.69 350 100 149.38 0.4069 140.7 140 1.92 267.72 0.7216 140.7 125.77 
C7C4 100 50 3 3 7 562.69 450 100 145.86 0.4069 140.7 140 1.92 267.72 0.7216 140.7 125.77 
C8C1 100 50 4 4 10 733.66 275 100 201.74 0.7350 183.4 140 3.47 659.68 0.5368 183.4 183.4 
C8C2 100 50 4 4 10 733.66 300 100 202.18 0.7350 183.4 140 3.47 659.68 0.5368 183.4 183.4 
C8C3 100 50 4 4 10 733.66 350 100 201.96 0.7350 183.4 140 3.47 659.68 0.5368 183.4 183.4 
C8C4 100 50 4 4 10 733.66 450 100 199.1 0.7350 183.4 140 3.47 659.68 0.5368 183.4 183.4 
C9C1 120 60 3 3 7 682.69 275 100 180.73 0.3368 170.7 160 1.33 232 0.8671 159.15 137.07 
C9C2 120 60 3 3 7 682.69 300 100 180.4 0.3368 170.7 160 1.33 232 0.8671 159.15 137.07 
C9C3 120 60 3 3 7 682.69 350 100 177.65 0.3368 170.7 160 1.33 232 0.8671 159.15 137.07 
C9C4 120 60 3 3 7 682.69 450 100 175.23 0.3368 170.7 160 1.33 232 0.8671 159.15 137.07 
C10C1 140 60 5 5 12 1196.35 275 100 327.69 0.9702 299.1 180 3.32 1027.7 0.5488 299.1 299.1 
C10C2 140 60 5 5 12 1196.35 300 100 328.13 0.9702 299.1 180 3.32 1027.7 0.5488 299.1 299.1 
C10C3 140 60 5 5 12 1196.35 350 100 328.9 0.9702 299.1 180 3.32 1027.7 0.5488 299.1 299.1 
C10C4 140 60 5 5 12 1196.35 450 100 324.39 0.9702 299.1 180 3.32 1027.7 0.5488 299.1 299.1 
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Specimen 
Cross-section properties (mm) Material Numerical Results A·σ0.2 
(kN) 
CUFSM cross-
sectional 
slenderness 
√(Ny/Ncr ) 
DSM 
h b t rm ri Ag (mm2) 
σu 
(MPa) n 
Nu,num 
(kN) ξcr (%) 
h-w 
length 
(mm) 
Ncr/Ny Ncr (kN) CARBON Nnl 
STAINLESS 
Nnl 
C11C1 160 70 5 5 12 1396.35 275 100 380.82 0.8253 349.1 200 2.47 888.08 0.6362 349.1 331.52 
C11C2 160 70 5 5 12 1396.35 300 100 380.49 0.8253 349.1 200 2.47 888.08 0.6362 349.1 331.52 
C11C3 160 70 5 5 12 1396.35 350 100 377.96 0.8253 349.1 200 2.47 888.08 0.6362 349.1 331.52 
C11C4 160 70 5 5 12 1396.35 450 100 368.83 0.8253 349.1 200 2.47 888.08 0.6362 349.1 331.52 
C12C1 40 30 1 1 4 168.42 275 100 45.76 0.2010 42.1 70 2.14 90.12 0.6835 42.1 38.69 
C12C2 40 30 1 1 4 168.42 300 100 45.54 0.2010 42.1 70 2.14 90.12 0.6835 42.1 38.69 
C12C3 40 30 1 1 4 168.42 350 100 45.1 0.2010 42.1 70 2.14 90.12 0.6835 42.1 38.69 
C12C4 40 30 1 1 4 168.42 450 100 44 0.2010 42.1 70 2.14 90.12 0.6835 42.1 38.69 
C13C1 40 30 1 1 3 145.17 275 100 38.94 0.1472 36.29 70 1.56 56.7 0.8000 35.6 30.62 
C13C2 40 30 1 1 3 145.17 300 100 39.16 0.1472 36.29 70 1.56 56.7 0.8000 35.6 30.62 
C13C3 40 30 1 1 3 145.17 350 100 38.39 0.1472 36.29 70 1.56 56.7 0.8000 35.6 30.62 
C13C4 40 30 1 1 3 145.17 450 100 37.51 0.1472 36.29 70 1.56 56.7 0.8000 35.6 30.62 
C14C1 40 30 1 1 3 121.64 275 100 31.68 0.1020 30.41 70 1.07 32.75 0.9635 26.48 22.77 
C14C2 40 30 1 1 3 121.64 300 100 31.57 0.1020 30.41 70 1.07 32.75 0.9635 26.48 22.77 
C14C3 40 30 1 1 3 121.64 350 100 31.46 0.1020 30.41 70 1.07 32.75 0.9635 26.48 22.77 
C14C4 40 30 1 1 3 121.64 450 100 30.91 0.1020 30.41 70 1.07 32.75 0.9635 26.48 22.77 
C15C1 40 30 1 1 2 97.85 275 100 22.33 0.0651 24.46 70 0.68 16.77 1.2076 18.32 15.55 
C15C2 40 30 1 1 2 97.85 300 100 22.22 0.0651 24.46 70 0.68 16.77 1.2076 18.32 15.55 
C15C3 40 30 1 1 2 97.85 350 100 22.11 0.0651 24.46 70 0.68 16.77 1.2076 18.32 15.55 
C15C4 40 30 1 1 2 97.85 450 100 21.89 0.0651 24.46 70 0.68 16.77 1.2076 18.32 15.55 
C16C1 50 40 1 1 3 190.17 275 100 47.63 0.1051 47.54 90 0.88 42.02 1.0636 38.79 33.21 
C16C2 50 40 1 1 3 190.17 300 100 47.52 0.1051 47.54 90 0.88 42.02 1.0636 38.79 33.21 
C16C3 50 40 1 1 3 190.17 350 100 47.3 0.1051 47.54 90 0.88 42.02 1.0636 38.79 33.21 
C16C4 50 40 1 1 3 190.17 450 100 46.64 0.1051 47.54 90 0.88 42.02 1.0636 38.79 33.21 
C17C1 50 40 1 1 3 159.14 275 100 34.76 0.0728 39.78 90 0.61 24.3 1.2795 28.64 24.19 
C17C2 50 40 1 1 3 159.14 300 100 34.65 0.0728 39.78 90 0.61 24.3 1.2795 28.64 24.19 
C17C3 50 40 1 1 3 159.14 350 100 34.43 0.0728 39.78 90 0.61 24.3 1.2795 28.64 24.19 
C17C4 50 40 1 1 3 159.14 450 100 33.99 0.0728 39.78 90 0.61 24.3 1.2795 28.64 24.19 
C18C1 50 50 1 1 3 220.17 275 100 47.74 0.0727 55.04 110 0.58 32.33 1.3046 39.09 32.96 
C18C2 50 50 1 1 3 220.17 300 100 47.74 0.0727 55.04 110 0.58 32.33 1.3046 39.09 32.96 
C18C3 50 50 1 1 3 220.17 350 100 47.41 0.0727 55.04 110 0.58 32.33 1.3046 39.09 32.96 
C18C4 50 50 1 1 3 220.17 450 100 46.86 0.0727 55.04 110 0.58 32.33 1.3046 39.09 32.96 
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Specimen 
Cross-section properties (mm) Material Numerical Results A·σ0.2 
(kN) 
CUFSM cross-
sectional 
slenderness 
√(Ny/Ncr ) 
DSM 
h b t rm ri Ag (mm2) 
σu 
(MPa) n 
Nu,num 
(kN) ξcr (%) 
h-w 
length 
(mm) 
Ncr/Ny Ncr (kN) CARBON Nnl 
STAINLESS 
Nnl 
C19C1 50 50 1 1 3 184.14 275 100 35.75 0.0504 46.03 110 0.4 18.7 1.5688 28.75 23.76 
C19C2 50 50 1 1 3 184.14 300 100 35.64 0.0504 46.03 110 0.4 18.7 1.5688 28.75 23.76 
C19C3 50 50 1 1 3 184.14 350 100 35.31 0.0504 46.03 110 0.4 18.7 1.5688 28.75 23.76 
C19C4 50 50 1 1 3 184.14 450 100 34.87 0.0504 46.03 110 0.4 18.7 1.5688 28.75 23.76 
C20C1 55 60 1 1 4 274.5 275 100 55.44 0.0699 68.62 130 0.46 32.25 1.4586 45.1 37.59 
C20C2 55 60 1 1 4 274.5 300 100 55.33 0.0699 68.62 130 0.46 32.25 1.4586 45.1 37.59 
C20C3 55 60 1 1 4 274.5 350 100 54.78 0.0699 68.62 130 0.46 32.25 1.4586 45.1 37.59 
C20C4 55 60 1 1 4 274.5 450 100 53.57 0.0699 68.62 130 0.46 32.25 1.4586 45.1 37.59 
C21C1 55 60 1 1 3 240.79 275 100 45.1 0.0535 60.19 130 0.35 21.6 1.6692 35.97 29.5 
C21C2 55 60 1 1 3 240.79 300 100 44.99 0.0535 60.19 130 0.35 21.6 1.6692 35.97 29.5 
C21C3 55 60 1 1 3 240.79 350 100 44.66 0.0535 60.19 130 0.35 21.6 1.6692 35.97 29.5 
C21C4 55 60 1 1 3 240.79 450 100 44.44 0.0535 60.19 130 0.35 21.6 1.6692 35.97 29.5 
C22C1 60 70 1 1 3 295.17 275 100 52.14 0.0485 73.79 150 0.3 22.55 1.8088 41.64 33.79 
C22C2 60 70 1 1 3 295.17 300 100 51.92 0.0485 73.79 150 0.3 22.55 1.8088 41.64 33.79 
C22C3 60 70 1 1 3 295.17 350 100 51.26 0.0485 73.79 150 0.3 22.55 1.8088 41.64 33.79 
C22C4 60 70 1 1 3 295.17 450 100 50.71 0.0485 73.79 150 0.3 22.55 1.8088 41.64 33.79 
C23C1 70 80 1 1 4 395.92 275 100 70.95 0.0631 98.98 170 0.31 31.42 1.7748 56.62 46.06 
C23C2 70 80 1 1 4 395.92 300 100 72.05 0.0631 98.98 170 0.31 31.42 1.7748 56.62 46.06 
C23C3 70 80 1 1 4 395.92 350 100 71.06 0.0631 98.98 170 0.31 31.42 1.7748 56.62 46.06 
C23C4 70 80 1 1 4 395.92 450 100 69.74 0.0631 98.98 170 0.31 31.42 1.7748 56.62 46.06 
Table 2: Channel Section column test data 
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Specimen 
Cross-section properties (mm) Material Numerical Results A·σ0.2 
(kN) 
CUFSM cross-
sectional 
slenderness 
√(Ny/Ncr ) 
DSM 
bf hw tf tw Ag (mm2) σu (MPa) n Nu,num (kN) ξcr (%) 
h-w 
length 
(mm) 
Ncr/Ny Ncr (kN) CARBON Nnl 
STAINLESS 
Nnl 
I1M1 100 50 3 3 741 275 5 180.97 0.4175 185.30 130 2.02 378.75 0.7035 185.30 167.84 
I1M3 100 50 3 3 741 300 5 181.89 0.4175 185.30 130 2.02 378.75 0.7035 185.30 167.84 
I1M5 100 50 3 3 741 350 5 182.6 0.4175 185.30 130 2.02 378.75 0.7035 185.30 167.84 
I1M7 100 50 3 3 741 450 5 185.14 0.4175 185.30 130 2.02 378.75 0.7035 185.30 167.84 
I2M1 100 50 2 3 642 275 5 145.15 0.3254 160.60 110 1.57 255.12 0.798 157.79 135.69 
I2M3 100 50 2 3 642 300 5 144.94 0.3254 160.60 110 1.57 255.12 0.798 157.79 135.69 
I2M5 100 50 2 3 642 350 5 145.15 0.3254 160.60 110 1.57 255.12 0.798 157.79 135.69 
I2M7 100 50 2 3 642 450 5 145.25 0.3254 160.60 110 1.57 255.12 0.798 157.79 135.69 
I3M1 100 50 2 3 544 275 5 108.69 0.2347 136.00 100 1.3 178.75 0.877 125.88 108.41 
I3M3 100 50 2 3 544 300 5 109.3 0.2347 136.00 100 1.3 178.75 0.877 125.88 108.41 
I3M5 100 50 2 3 544 350 5 110.61 0.2347 136.00 100 1.3 178.75 0.877 125.88 108.41 
I3M7 100 50 2 3 544 450 5 111.93 0.2347 136.00 100 1.3 178.75 0.877 125.88 108.41 
I4M1 80 40 3 3 591 275 5 152.86 0.5202 147.80 100 3.15 472.5 0.5634 147.80 146.77 
I4M3 80 40 3 3 591 300 5 154.38 0.5202 147.80 100 3.15 472.5 0.5634 147.80 146.77 
I4M5 80 40 3 3 591 350 5 158.24 0.5202 147.80 100 3.15 472.5 0.5634 147.80 146.77 
I4M7 80 40 3 3 591 450 5 162.2 0.5202 147.80 100 3.15 472.5 0.5634 147.80 146.77 
I5M1 80 40 2 3 551 275 5 141.69 0.4614 137.90 100 2.8 392 0.5976 137.90 134.26 
I5M3 80 40 2 3 551 300 5 142.91 0.4614 137.90 100 2.8 392 0.5976 137.90 134.26 
I5M5 80 40 2 3 551 350 5 145.65 0.4614 137.90 100 2.8 392 0.5976 137.90 134.26 
I5M7 80 40 2 3 551 450 5 150.93 0.4614 137.90 100 2.8 392 0.5976 137.90 134.26 
I6M1 80 40 3 3 630 275 5 164.63 0.5825 157.60 110 3.52 563.2 0.533 157.60 157.6 
I6M3 80 40 3 3 630 300 5 165.44 0.5825 157.60 110 3.52 563.2 0.533 157.60 157.6 
I6M5 80 40 3 3 630 350 5 169.93 0.5825 157.60 110 3.52 563.2 0.533 157.60 157.6 
I6M7 80 40 3 3 630 450 5 179.32 0.5825 157.60 110 3.52 563.2 0.533 157.60 157.6 
I7M1 80 40 3 3 687 275 5 180.85 0.7059 171.90 100 4.29 750.75 0.4828 171.90 171.9 
I7M3 80 40 3 3 687 300 5 183.8 0.7059 171.90 100 4.29 750.75 0.4828 171.90 171.9 
I7M5 80 40 3 3 687 350 5 190.54 0.7059 171.90 100 4.29 750.75 0.4828 171.90 171.9 
I7M7 80 40 3 3 687 450 5 204.82 0.7059 171.90 100 4.29 750.75 0.4828 171.90 171.9 
I8M1 70 40 3 3 583 275 5 153.82 0.7092 145.90 90 4.97 739.28 0.4485 145.90 145.9 
I8M3 70 40 3 3 583 300 5 156.98 0.7092 145.90 90 4.97 739.28 0.4485 145.90 145.9 
I8M5 70 40 3 3 583 350 5 163.91 0.7092 145.90 90 4.97 739.28 0.4485 145.90 145.9 
I8M7 70 40 3 3 583 450 5 177.48 0.7092 145.90 90 4.97 739.28 0.4485 145.90 145.9 
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Specimen 
Cross-section properties (mm) Material Numerical Results A·σ0.2 
(kN) 
CUFSM cross-
sectional 
slenderness 
√(Ny/Ncr ) 
DSM 
bf hw tf tw Ag (mm2) σu (MPa) n Nu,num (kN) ξcr (%) 
h-w 
length 
(mm) 
Ncr/Ny Ncr (kN) CARBON Nnl 
STAINLESS 
Nnl 
I9M1 70 40 3 3 549 275 5 143.52 0.6366 137.40 80 4.45 623 0.474 137.40 137.4 
I9M3 70 40 3 3 549 300 5 145.55 0.6366 137.40 80 4.45 623 0.474 137.40 137.4 
I9M5 70 40 3 3 549 350 5 151.95 0.6366 137.40 80 4.45 623 0.474 137.40 137.4 
I9M7 70 40 3 3 549 450 5 162.4 0.6366 137.40 80 4.45 623 0.474 137.40 137.4 
I10M1 70 40 3 4 670 275 5 178.81 0.9346 167.50 90 6.56 1123.4 0.3904 167.50 167.5 
I10M3 70 40 3 4 670 300 5 183.8 0.9346 167.50 90 6.56 1123.4 0.3904 167.50 167.5 
I10M5 70 40 3 4 670 350 5 194.41 0.9346 167.50 90 6.56 1123.4 0.3904 167.50 167.5 
I10M7 70 40 3 4 670 450 5 213.08 0.9346 167.50 90 6.56 1123.4 0.3904 167.50 167.5 
I11M1 100 80 5 4 1398 275 5 372.9 1.1098 349.50 170 5.12 1817.6 0.4419 349.50 349.5 
I11M3 100 80 5 4 1398 300 5 382.35 1.1098 349.50 170 5.12 1817.6 0.4419 349.50 349.5 
I11M5 100 80 5 4 1398 350 5 396.83 1.1098 349.50 170 5.12 1817.6 0.4419 349.50 349.5 
I11M7 100 80 5 4 1398 450 5 429.8 1.1098 349.50 170 5.12 1817.6 0.4419 349.50 349.5 
I12M1 100 80 6 4 1496 275 5 402.22 1.2685 374.00 180 5.84 2219.2 0.4138 374.00 374 
I12M3 100 80 6 4 1496 300 5 413.55 1.2685 374.00 180 5.84 2219.2 0.4138 374.00 374 
I12M5 100 80 6 4 1496 350 5 439.3 1.2685 374.00 180 5.84 2219.2 0.4138 374.00 374 
I12M7 100 80 6 4 1496 450 5 487.19 1.2685 374.00 180 5.84 2219.2 0.4138 374.00 374 
I13M1 70 100 2 3 608 275 5 153.67 0.4259 152.06 110 2.07 315.8 0.6939 152.06 138.7 
I13M3 70 100 2 3 608 300 5 154.38 0.4259 152.06 110 2.07 315.8 0.6939 152.06 138.7 
I13M5 70 100 2 3 608 350 5 155.69 0.4259 152.06 110 2.07 315.8 0.6939 152.06 138.7 
I13M7 70 100 2 3 608 450 5 158.02 0.4259 152.06 110 2.07 315.8 0.6939 152.06 138.7 
I14M1 70 100 2 3 574 275 5 138.94 0.3848 143.50 110 1.9 273.31 0.7245 143.50 128.01 
I14M3 70 100 2 3 574 300 5 139.15 0.3848 143.50 110 1.9 273.31 0.7245 143.50 128.01 
I14M5 70 100 2 3 574 350 5 139.75 0.3848 143.50 110 1.9 273.31 0.7245 143.50 128.01 
I14M7 70 100 2 3 574 450 5 141.07 0.3848 143.50 110 1.9 273.31 0.7245 143.50 128.01 
I15M1 70 100 1 3 505 275 5 110.98 0.2801 126.37 80 1.45 183.85 0.829 121.23 104.35 
I15M3 70 100 1 3 505 300 5 112.49 0.2801 126.37 80 1.45 183.85 0.829 121.23 104.35 
I15M5 70 100 1 3 505 350 5 112.79 0.2801 126.37 80 1.45 183.85 0.829 121.23 104.35 
I15M7 70 100 1 3 505 450 5 113.29 0.2801 126.37 80 1.45 183.85 0.829 121.23 104.35 
I16M1 70 100 1 3 471 275 5 100.39 0.2101 117.81 60 1.09 128.65 0.9569 103.07 88.65 
I16M3 70 100 1 3 471 300 5 101.4 0.2101 117.81 60 1.09 128.65 0.9569 103.07 88.65 
I16M5 70 100 1 3 471 350 5 102.1 0.2101 117.81 60 1.09 128.65 0.9569 103.07 88.65 
I16M7 70 100 1 3 471 450 5 103.11 0.2101 117.81 60 1.09 128.65 0.9569 103.07 88.65 
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Specimen 
Cross-section properties (mm) Material Numerical Results A·σ0.2 
(kN) 
CUFSM cross-
sectional 
slenderness 
√(Ny/Ncr ) 
DSM 
bf hw tf tw Ag (mm2) σu (MPa) n Nu,num (kN) ξcr (%) 
h-w 
length 
(mm) 
Ncr/Ny Ncr (kN) CARBON Nnl 
STAINLESS 
Nnl 
I17M1 80 100 1 3 535 275 5 111.48 0.2184 133.87 80 1.11 149.39 0.9466 117.95 101.48 
I17M3 80 100 1 3 535 300 5 111.88 0.2184 133.87 80 1.11 149.39 0.9466 117.95 101.48 
I17M5 80 100 1 3 535 350 5 112.39 0.2184 133.87 80 1.11 149.39 0.9466 117.95 101.48 
I17M7 80 100 1 3 535 450 5 112.59 0.2184 133.87 80 1.11 149.39 0.9466 117.95 101.48 
I18M1 80 100 1 3 496 275 5 99.39 0.1626 124.06 70 0.83 103.34 1.0956 99.23 84.83 
I18M3 80 100 1 3 496 300 5 100.59 0.1626 124.06 70 0.83 103.34 1.0956 99.23 84.83 
I18M5 80 100 1 3 496 350 5 102.31 0.1626 124.06 70 0.83 103.34 1.0956 99.23 84.83 
I18M7 80 100 1 3 496 450 5 104.02 0.1626 124.06 70 0.83 103.34 1.0956 99.23 84.83 
I19M1 80 100 0 3 449 275 5 93.65 0.0987 112.28 70 0.5 56.73 1.4067 75.70 63.34 
I19M3 80 100 0 3 449 300 5 93.96 0.0987 112.28 70 0.5 56.73 1.4067 75.70 63.34 
I19M5 80 100 0 3 449 350 5 94.26 0.0987 112.28 70 0.5 56.73 1.4067 75.70 63.34 
I19M7 80 100 0 3 449 450 5 95.67 0.0987 112.28 70 0.5 56.73 1.4067 75.70 63.34 
I20M1 90 100 1 3 521 275 5 102.81 0.1302 130.31 80 0.65 85.57 1.2339 96.17 81.49 
I20M3 90 100 1 3 521 300 5 101.6 0.1302 130.31 80 0.65 85.57 1.2339 96.17 81.49 
I20M5 90 100 1 3 521 350 5 101.6 0.1302 130.31 80 0.65 85.57 1.2339 96.17 81.49 
I20M7 90 100 1 3 521 450 5 104.02 0.1302 130.31 80 0.65 85.57 1.2339 96.17 81.49 
I21M1 90 100 1 3 477 275 5 97.78 0.0875 119.25 80 0.43 52.38 1.5087 76.55 63.56 
I21M3 90 100 1 3 477 300 5 98.18 0.0875 119.25 80 0.43 52.38 1.5087 76.55 63.56 
I21M5 90 100 1 3 477 350 5 95.26 0.0875 119.25 80 0.43 52.38 1.5087 76.55 63.56 
I21M7 90 100 1 3 477 450 5 96.37 0.0875 119.25 80 0.43 52.38 1.5087 76.55 63.56 
I22M1 100 100 1 3 595 275 5 113.8 0.1451 148.87 100 0.71 106.72 1.181 113.20 96.26 
I22M3 100 100 1 3 595 300 5 114.2 0.1451 148.87 100 0.71 106.72 1.181 113.20 96.26 
I22M5 100 100 1 3 595 350 5 114.5 0.1451 148.87 100 0.71 106.72 1.181 113.20 96.26 
I22M7 100 100 1 3 595 450 5 115.81 0.1451 148.87 100 0.71 106.72 1.181 113.20 96.26 
I23M1 100 100 1 3 546 275 5 102.91 0.1066 136.56 70 0.56 77.2 1.3299 95.72 80.56 
I23M3 100 100 1 3 546 300 5 103.72 0.1066 136.56 70 0.56 77.2 1.3299 95.72 80.56 
I23M5 100 100 1 3 546 350 5 104.32 0.1066 136.56 70 0.56 77.2 1.3299 95.72 80.56 
I23M7 100 100 1 3 546 450 5 105.33 0.1066 136.56 70 0.56 77.2 1.3299 95.72 80.56 
I24M1 100 100 1 3 497 275 5 93.85 0.0712 124.25 70 0.37 46.09 1.6417 75.13 61.75 
I24M3 100 100 1 3 497 300 5 94.46 0.0712 124.25 70 0.37 46.09 1.6417 75.13 61.75 
I24M5 100 100 1 3 497 350 5 95.57 0.0712 124.25 70 0.37 46.09 1.6417 75.13 61.75 
I24M7 100 100 1 3 497 450 5 96.87 0.0712 124.25 70 0.37 46.09 1.6417 75.13 61.75 
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Specimen 
Cross-section properties (mm) Material Numerical Results A·σ0.2 
(kN) 
CUFSM cross-
sectional 
slenderness 
√(Ny/Ncr ) 
DSM 
bf hw tf tw Ag (mm2) σu (MPa) n Nu,num (kN) ξcr (%) 
h-w 
length 
(mm) 
Ncr/Ny Ncr (kN) CARBON Nnl 
STAINLESS 
Nnl 
I1M2 100 50 3 3 741 275 10 180.37 0.4175 185.30 130 2.02 378.75 0.7035 185.30 167.84 
I1M4 100 50 3 3 741 300 10 180.67 0.4175 185.30 130 2.02 378.75 0.7035 185.30 167.84 
I1M6 100 50 3 3 741 350 10 180.06 0.4175 185.30 130 2.02 378.75 0.7035 185.30 167.84 
I1M8 100 50 3 3 741 450 10 179.96 0.4175 185.30 130 2.02 378.75 0.7035 185.30 167.84 
I2M2 100 50 2 3 642 275 10 147.07 0.3254 160.60 110 1.57 255.12 0.798 157.79 135.69 
I2M4 100 50 2 3 642 300 10 147.28 0.3254 160.60 110 1.57 255.12 0.798 157.79 135.69 
I2M6 100 50 2 3 642 350 10 147.07 0.3254 160.60 110 1.57 255.12 0.798 157.79 135.69 
I2M8 100 50 2 3 642 450 10 146.87 0.3254 160.60 110 1.57 255.12 0.798 157.79 135.69 
I3M2 100 50 2 3 544 275 10 111.93 0.2347 136.00 100 1.3 178.75 0.877 125.88 108.41 
I3M4 100 50 2 3 544 300 10 111.72 0.2347 136.00 100 1.3 178.75 0.877 125.88 108.41 
I3M6 100 50 2 3 544 350 10 111.62 0.2347 136.00 100 1.3 178.75 0.877 125.88 108.41 
I3M8 100 50 2 3 544 450 10 111.12 0.2347 136.00 100 1.3 178.75 0.877 125.88 108.41 
I4M2 80 40 3 3 591 275 10 152.45 0.5202 147.80 100 3.15 472.5 0.5634 147.80 146.77 
I4M4 80 40 3 3 591 300 10 153.87 0.5202 147.80 100 3.15 472.5 0.5634 147.80 146.77 
I4M6 80 40 3 3 591 350 10 153.57 0.5202 147.80 100 3.15 472.5 0.5634 147.80 146.77 
I4M8 80 40 3 3 591 450 10 157.63 0.5202 147.80 100 3.15 472.5 0.5634 147.80 146.77 
I5M2 80 40 2 3 551 275 10 137.94 0.4614 137.90 100 2.8 392 0.5976 137.90 134.26 
I5M4 80 40 2 3 551 300 10 142 0.4614 137.90 100 2.8 392 0.5976 137.90 134.26 
I5M6 80 40 2 3 551 350 10 143.22 0.4614 137.90 100 2.8 392 0.5976 137.90 134.26 
I5M8 80 40 2 3 551 450 10 142.51 0.4614 137.90 100 2.8 392 0.5976 137.90 134.26 
I6M2 80 40 3 3 630 275 10 162.79 0.5825 157.60 110 3.52 563.2 0.533 157.60 157.6 
I6M4 80 40 3 3 630 300 10 164.93 0.5825 157.60 110 3.52 563.2 0.533 157.60 157.6 
I6M6 80 40 3 3 630 350 10 168.81 0.5825 157.60 110 3.52 563.2 0.533 157.60 157.6 
I6M8 80 40 3 3 630 450 10 175.44 0.5825 157.60 110 3.52 563.2 0.533 157.60 157.6 
I7M2 80 40 3 3 687 275 10 180.03 0.7059 171.90 100 4.29 750.75 0.4828 171.90 171.9 
I7M4 80 40 3 3 687 300 10 183.4 0.7059 171.90 100 4.29 750.75 0.4828 171.90 171.9 
I7M6 80 40 3 3 687 350 10 189.72 0.7059 171.90 100 4.29 750.75 0.4828 171.90 171.9 
I7M8 80 40 3 3 687 450 10 192.98 0.7059 171.90 100 4.29 750.75 0.4828 171.90 171.9 
I8M2 70 40 3 3 583 275 10 153.71 0.7092 145.90 90 4.97 739.28 0.4485 145.90 145.9 
I8M4 70 40 3 3 583 300 10 157.28 0.7092 145.90 90 4.97 739.28 0.4485 145.90 145.9 
I8M6 70 40 3 3 583 350 10 163.1 0.7092 145.90 90 4.97 739.28 0.4485 145.90 145.9 
I8M8 70 40 3 3 583 450 10 172.69 0.7092 145.90 90 4.97 739.28 0.4485 145.90 145.9 
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Specimen 
Cross-section properties (mm) Material Numerical Results A·σ0.2 
(kN) 
CUFSM cross-
sectional 
slenderness 
√(Ny/Ncr ) 
DSM 
bf hw tf tw Ag (mm2) σu (MPa) n Nu,num (kN) ξcr (%) 
h-w 
length 
(mm) 
Ncr/Ny Ncr (kN) CARBON Nnl 
STAINLESS 
Nnl 
I9M2 70 40 3 3 549 275 10 143.22 0.6366 137.40 80 4.45 623 0.474 137.40 137.4 
I9M4 70 40 3 3 549 300 10 146.06 0.6366 137.40 80 4.45 623 0.474 137.40 137.4 
I9M6 70 40 3 3 549 350 10 151.13 0.6366 137.40 80 4.45 623 0.474 137.40 137.4 
I9M8 70 40 3 3 549 450 10 158.64 0.6366 137.40 80 4.45 623 0.474 137.40 137.4 
I10M2 70 40 3 4 670 275 10 179.01 0.9346 167.50 90 6.56 1123.4 0.3904 167.50 167.5 
I10M4 70 40 3 4 670 300 10 183.5 0.9346 167.50 90 6.56 1123.4 0.3904 167.50 167.5 
I10M6 70 40 3 4 670 350 10 193.7 0.9346 167.50 90 6.56 1123.4 0.3904 167.50 167.5 
I10M8 70 40 3 4 670 450 10 211.34 0.9346 167.50 90 6.56 1123.4 0.3904 167.50 167.5 
I11M2 100 80 5 4 1398 275 10 372.7 1.1098 349.50 170 5.12 1817.6 0.4419 349.50 349.5 
I11M4 100 80 5 4 1398 300 10 382.15 1.1098 349.50 170 5.12 1817.6 0.4419 349.50 349.5 
I11M6 100 80 5 4 1398 350 10 394.88 1.1098 349.50 170 5.12 1817.6 0.4419 349.50 349.5 
I11M4 100 80 5 4 1398 450 10 426.1 1.1098 349.50 170 5.12 1817.6 0.4419 349.50 349.5 
I12M2 100 80 6 4 1496 275 10 402.32 1.2685 374.00 180 5.84 2219.2 0.4138 374.00 374 
I12M4 100 80 6 4 1496 300 10 412.21 1.2685 374.00 180 5.84 2219.2 0.4138 374.00 374 
I12M6 100 80 6 4 1496 350 10 438.16 1.2685 374.00 180 5.84 2219.2 0.4138 374.00 374 
I12M8 100 80 6 4 1496 450 10 482.25 1.2685 374.00 180 5.84 2219.2 0.4138 374.00 374 
I13M2 70 100 2 3 608 275 10 152.45 0.4259 152.06 110 2.07 315.8 0.6939 152.06 138.7 
I13M4 70 100 2 3 608 300 10 152.96 0.4259 152.06 110 2.07 315.8 0.6939 152.06 138.7 
I13M6 70 100 2 3 608 350 10 152.55 0.4259 152.06 110 2.07 315.8 0.6939 152.06 138.7 
I13M8 70 100 2 3 608 450 10 152.45 0.4259 152.06 110 2.07 315.8 0.6939 152.06 138.7 
I14M2 70 100 2 3 574 275 10 138.13 0.3848 143.50 110 1.9 273.31 0.7245 143.50 128.01 
I14M4 70 100 2 3 574 300 10 138.23 0.3848 143.50 110 1.9 273.31 0.7245 143.50 128.01 
I14M6 70 100 2 3 574 350 10 139.95 0.3848 143.50 110 1.9 273.31 0.7245 143.50 128.01 
I14M8 70 100 2 3 574 450 10 139.75 0.3848 143.50 110 1.9 273.31 0.7245 143.50 128.01 
I15M2 70 100 1 3 505 275 10 113.09 0.2801 126.37 80 1.45 183.85 0.829 121.23 104.35 
I15M4 70 100 1 3 505 300 10 113.09 0.2801 126.37 80 1.45 183.85 0.829 121.23 104.35 
I15M6 70 100 1 3 505 350 10 112.59 0.2801 126.37 80 1.45 183.85 0.829 121.23 104.35 
I15M8 70 100 1 3 505 450 10 112.89 0.2801 126.37 80 1.45 183.85 0.829 121.23 104.35 
I16M2 70 100 1 3 471 275 10 102.1 0.2101 117.81 60 1.09 128.65 0.9569 103.07 88.65 
I16M4 70 100 1 3 471 300 10 102.1 0.2101 117.81 60 1.09 128.65 0.9569 103.07 88.65 
I16M6 70 100 1 3 471 350 10 102.21 0.2101 117.81 60 1.09 128.65 0.9569 103.07 88.65 
I16M8 70 100 1 3 471 450 10 102.41 0.2101 117.81 60 1.09 128.65 0.9569 103.07 88.65 
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Specimen 
Cross-section properties (mm) Material Numerical Results A·σ0.2 
(kN) 
CUFSM cross-
sectional 
slenderness 
√(Ny/Ncr ) 
DSM 
bf hw tf tw Ag (mm2) σu (MPa) n Nu,num (kN) ξcr (%) 
h-w 
length 
(mm) 
Ncr/Ny Ncr (kN) CARBON Nnl 
STAINLESS 
Nnl 
I17M2 80 100 1 3 535 275 10 113.19 0.2184 133.87 80 1.11 149.39 0.9466 117.95 101.48 
I17M4 80 100 1 3 535 300 10 113.09 0.2184 133.87 80 1.11 149.39 0.9466 117.95 101.48 
I17M6 80 100 1 3 535 350 10 113.09 0.2184 133.87 80 1.11 149.39 0.9466 117.95 101.48 
I17M8 80 100 1 3 535 450 10 112.69 0.2184 133.87 80 1.11 149.39 0.9466 117.95 101.48 
I18M2 80 100 1 3 496 275 10 102.31 0.1626 124.06 70 0.83 103.34 1.0956 99.23 84.83 
I18M4 80 100 1 3 496 300 10 102.31 0.1626 124.06 70 0.83 103.34 1.0956 99.23 84.83 
I18M6 80 100 1 3 496 350 10 102.21 0.1626 124.06 70 0.83 103.34 1.0956 99.23 84.83 
I18M8 80 100 1 3 496 450 10 103.11 0.1626 124.06 70 0.83 103.34 1.0956 99.23 84.83 
I19M2 80 100 0 3 449 275 10 92.25 0.0987 112.28 70 0.5 56.73 1.4067 75.70 63.34 
I19M4 80 100 0 3 449 300 10 92.65 0.0987 112.28 70 0.5 56.73 1.4067 75.70 63.34 
I19M6 80 100 0 3 449 350 10 93.05 0.0987 112.28 70 0.5 56.73 1.4067 75.70 63.34 
I19M8 80 100 0 3 449 450 10 93.05 0.0987 112.28 70 0.5 56.73 1.4067 75.70 63.34 
I20M2 90 100 1 3 521 275 10 104.32 0.1302 130.31 80 0.65 85.57 1.2339 96.17 81.49 
I20M4 90 100 1 3 521 300 10 104.42 0.1302 130.31 80 0.65 85.57 1.2339 96.17 81.49 
I20M6 90 100 1 3 521 350 10 102.71 0.1302 130.31 80 0.65 85.57 1.2339 96.17 81.49 
I20M8 90 100 1 3 521 450 10 103.21 0.1302 130.31 80 0.65 85.57 1.2339 96.17 81.49 
I21M2 90 100 1 3 477 275 10 97.98 0.0875 119.25 80 0.43 52.38 1.5087 76.55 63.56 
I21M4 90 100 1 3 477 300 10 98.28 0.0875 119.25 80 0.43 52.38 1.5087 76.55 63.56 
I21M6 90 100 1 3 477 350 10 98.08 0.0875 119.25 80 0.43 52.38 1.5087 76.55 63.56 
I21M8 90 100 1 3 477 450 10 99.29 0.0875 119.25 80 0.43 52.38 1.5087 76.55 63.56 
I22M2 100 100 1 3 595 275 10 114.5 0.1451 148.87 100 0.71 106.72 1.181 113.20 96.26 
I22M4 100 100 1 3 595 300 10 114.5 0.1451 148.87 100 0.71 106.72 1.181 113.20 96.26 
I22M6 100 100 1 3 595 350 10 114.3 0.1451 148.87 100 0.71 106.72 1.181 113.20 96.26 
I22M8 100 100 1 3 595 450 10 115.11 0.1451 148.87 100 0.71 106.72 1.181 113.20 96.26 
I23M2 100 100 1 3 546 275 10 105.53 0.1066 136.56 70 0.56 77.2 1.3299 95.72 80.56 
I23M4 100 100 1 3 546 300 10 105.83 0.1066 136.56 70 0.56 77.2 1.3299 95.72 80.56 
I23M6 100 100 1 3 546 350 10 106.13 0.1066 136.56 70 0.56 77.2 1.3299 95.72 80.56 
I23M8 100 100 1 3 546 450 10 106.13 0.1066 136.56 70 0.56 77.2 1.3299 95.72 80.56 
I24M2 100 100 1 3 497 275 10 98.99 0.0712 124.25 70 0.37 46.09 1.6417 75.13 61.75 
I24M4 100 100 1 3 497 300 10 98.88 0.0712 124.25 70 0.37 46.09 1.6417 75.13 61.75 
I24M6 100 100 1 3 497 350 10 99.69 0.0712 124.25 70 0.37 46.09 1.6417 75.13 61.75 
I24M8 100 100 1 3 497 450 10 100.39 0.0712 124.25 70 0.37 46.09 1.6417 75.13 61.75 
 
36 
 
Specimen 
Cross-section properties (mm) Material Numerical Results A·σ0.2 
(kN) 
CUFSM cross-
sectional 
slenderness 
√(Ny/Ncr ) 
DSM 
bf hw tf tw Ag (mm2) σu (MPa) n Nu,num (kN) ξcr (%) 
h-w 
length 
(mm) 
Ncr/Ny Ncr (kN) CARBON Nnl 
STAINLESS 
Nnl 
I1C1 100 50 3 3 741 275 100 185.44 0.4175 185.30 130 2.02 378.75 0.7035 185.30 167.84 
I1C2 100 50 3 3 741 300 100 184.63 0.4175 185.30 130 2.02 378.75 0.7035 185.30 167.84 
I1C3 100 50 3 3 741 350 100 182.29 0.4175 185.30 130 2.02 378.75 0.7035 185.30 167.84 
I1C4 100 50 3 3 741 450 100 178.03 0.4175 185.30 130 2.02 378.75 0.7035 185.30 167.84 
I2C1 100 50 2 3 642 275 100 158.44 0.3254 160.60 110 1.57 255.12 0.798 157.79 135.69 
I2C2 100 50 2 3 642 300 100 158.04 0.3254 160.60 110 1.57 255.12 0.798 157.79 135.69 
I2C3 100 50 2 3 642 350 100 156.31 0.3254 160.60 110 1.57 255.12 0.798 157.79 135.69 
I2C4 100 50 2 3 642 450 100 152.55 0.3254 160.60 110 1.57 255.12 0.798 157.79 135.69 
I3C1 100 50 2 3 544 275 100 127.82 0.2347 136.00 100 1.3 178.75 0.877 125.88 108.41 
I3C2 100 50 2 3 544 300 100 127.51 0.2347 136.00 100 1.3 178.75 0.877 125.88 108.41 
I3C3 100 50 2 3 544 350 100 126.6 0.2347 136.00 100 1.3 178.75 0.877 125.88 108.41 
I3C4 100 50 2 3 544 450 100 124.98 0.2347 136.00 100 1.3 178.75 0.877 125.88 108.41 
I4C1 80 40 3 3 591 275 100 150.93 0.5202 147.80 100 3.15 472.5 0.5634 147.80 146.77 
I4C2 80 40 3 3 591 300 100 151.34 0.5202 147.80 100 3.15 472.5 0.5634 147.80 146.77 
I4C3 80 40 3 3 591 350 100 151.54 0.5202 147.80 100 3.15 472.5 0.5634 147.80 146.77 
I4C4 80 40 3 3 591 450 100 147.89 0.5202 147.80 100 3.15 472.5 0.5634 147.80 146.77 
I5C1 80 40 2 3 551 275 100 140.17 0.4614 137.90 100 2.8 392 0.5976 137.90 134.26 
I5C2 80 40 2 3 551 300 100 140.48 0.4614 137.90 100 2.8 392 0.5976 137.90 134.26 
I5C3 80 40 2 3 551 350 100 139.87 0.4614 137.90 100 2.8 392 0.5976 137.90 134.26 
I5C4 80 40 2 3 551 450 100 136.21 0.4614 137.90 100 2.8 392 0.5976 137.90 134.26 
I6C1 80 40 3 3 630 275 100 162.69 0.5825 157.60 110 3.52 563.2 0.533 157.60 157.6 
I6C2 80 40 3 3 630 300 100 163 0.5825 157.60 110 3.52 563.2 0.533 157.60 157.6 
I6C3 80 40 3 3 630 350 100 163.1 0.5825 157.60 110 3.52 563.2 0.533 157.60 157.6 
I6C4 80 40 3 3 630 450 100 160.65 0.5825 157.60 110 3.52 563.2 0.533 157.60 157.6 
I7C1 80 40 3 3 687 275 100 179.01 0.7059 171.90 100 4.29 750.75 0.4828 171.90 171.9 
I7C2 80 40 3 3 687 300 100 179.62 0.7059 171.90 100 4.29 750.75 0.4828 171.90 171.9 
I7C3 80 40 3 3 687 350 100 180.85 0.7059 171.90 100 4.29 750.75 0.4828 171.90 171.9 
I7C4 80 40 3 3 687 450 100 181.15 0.7059 171.90 100 4.29 750.75 0.4828 171.90 171.9 
I8C1 70 40 3 3 583 275 100 152.9 0.7092 145.90 90 4.97 739.28 0.4485 145.90 145.9 
I8C2 70 40 3 3 583 300 100 153.31 0.7092 145.90 90 4.97 739.28 0.4485 145.90 145.9 
I8C3 70 40 3 3 583 350 100 154.22 0.7092 145.90 90 4.97 739.28 0.4485 145.90 145.9 
I8C4 70 40 3 3 583 450 100 155.24 0.7092 145.90 90 4.97 739.28 0.4485 145.90 145.9 
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Specimen 
Cross-section properties (mm) Material Numerical Results A·σ0.2 
(kN) 
CUFSM cross-
sectional 
slenderness 
√(Ny/Ncr ) 
DSM 
bf hw tf tw Ag (mm2) σu (MPa) n Nu,num (kN) ξcr (%) 
h-w 
length 
(mm) 
Ncr/Ny Ncr (kN) CARBON Nnl 
STAINLESS 
Nnl 
I9C1 70 40 3 3 549 275 100 142.51 0.6366 137.40 80 4.45 623 0.474 137.40 137.4 
I9C2 70 40 3 3 549 300 100 143.12 0.6366 137.40 80 4.45 623 0.474 137.40 137.4 
I9C3 70 40 3 3 549 350 100 143.72 0.6366 137.40 80 4.45 623 0.474 137.40 137.4 
I9C4 70 40 3 3 549 450 100 143.93 0.6366 137.40 80 4.45 623 0.474 137.40 137.4 
I10C1 70 40 3 4 670 275 100 177.58 0.9346 167.50 90 6.56 1123.4 0.3904 167.50 167.5 
I10C2 70 40 3 4 670 300 100 180.85 0.9346 167.50 90 6.56 1123.4 0.3904 167.50 167.5 
I10C3 70 40 3 4 670 350 100 181.66 0.9346 167.50 90 6.56 1123.4 0.3904 167.50 167.5 
I10C4 70 40 3 4 670 450 100 183.4 0.9346 167.50 90 6.56 1123.4 0.3904 167.50 167.5 
I11C1 100 80 5 4 1398 275 100 369.51 1.1098 349.50 170 5.12 1817.6 0.4419 349.50 349.5 
I11C2 100 80 5 4 1398 300 100 373.83 1.1098 349.50 170 5.12 1817.6 0.4419 349.50 349.5 
I11C3 100 80 5 4 1398 350 100 376.19 1.1098 349.50 170 5.12 1817.6 0.4419 349.50 349.5 
I11C4 100 80 5 4 1398 450 100 377.94 1.1098 349.50 170 5.12 1817.6 0.4419 349.50 349.5 
I12C1 100 80 6 4 1496 275 100 398.92 1.2685 374.00 180 5.84 2219.2 0.4138 374.00 374 
I12C2 100 80 6 4 1496 300 100 407.26 1.2685 374.00 180 5.84 2219.2 0.4138 374.00 374 
I12C3 100 80 6 4 1496 350 100 413.55 1.2685 374.00 180 5.84 2219.2 0.4138 374.00 374 
I12C4 100 80 6 4 1496 450 100 419.11 1.2685 374.00 180 5.84 2219.2 0.4138 374.00 374 
I13C1 70 100 2 3 608 275 100 152.96 0.4259 152.06 110 2.07 315.8 0.6939 152.06 138.7 
I13C2 70 100 2 3 608 300 100 152.55 0.4259 152.06 110 2.07 315.8 0.6939 152.06 138.7 
I13C3 70 100 2 3 608 350 100 150.93 0.4259 152.06 110 2.07 315.8 0.6939 152.06 138.7 
I13C4 70 100 2 3 608 450 100 147.39 0.4259 152.06 110 2.07 315.8 0.6939 152.06 138.7 
I14C1 70 100 2 3 574 275 100 142.28 0.3848 143.50 110 1.9 273.31 0.7245 143.50 128.01 
I14C2 70 100 2 3 574 300 100 143.09 0.3848 143.50 110 1.9 273.31 0.7245 143.50 128.01 
I14C3 70 100 2 3 574 350 100 141.27 0.3848 143.50 110 1.9 273.31 0.7245 143.50 128.01 
I14C4 70 100 2 3 574 450 100 137.32 0.3848 143.50 110 1.9 273.31 0.7245 143.50 128.01 
I15C1 70 100 1 3 505 275 100 120.85 0.2801 126.37 80 1.45 183.85 0.829 121.23 104.35 
I15C2 70 100 1 3 505 300 100 122.27 0.2801 126.37 80 1.45 183.85 0.829 121.23 104.35 
I15C3 70 100 1 3 505 350 100 121.76 0.2801 126.37 80 1.45 183.85 0.829 121.23 104.35 
I15C4 70 100 1 3 505 450 100 118.84 0.2801 126.37 80 1.45 183.85 0.829 121.23 104.35 
I16C1 70 100 1 3 471 275 100 110.46 0.2101 117.81 60 1.09 128.65 0.9569 103.07 88.65 
I16C2 70 100 1 3 471 300 100 110.26 0.2101 117.81 60 1.09 128.65 0.9569 103.07 88.65 
I16C3 70 100 1 3 471 350 100 109.56 0.2101 117.81 60 1.09 128.65 0.9569 103.07 88.65 
I16C4 70 100 1 3 471 450 100 107.95 0.2101 117.81 60 1.09 128.65 0.9569 103.07 88.65 
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Specimen 
Cross-section properties (mm) Material Numerical Results A·σ0.2 
(kN) 
CUFSM cross-
sectional 
slenderness 
√(Ny/Ncr ) 
DSM 
bf hw tf tw Ag (mm2) σu (MPa) n Nu,num (kN) ξcr (%) 
h-w 
length 
(mm) 
Ncr/Ny Ncr (kN) CARBON Nnl 
STAINLESS 
Nnl 
I17C1 80 100 1 3 535 275 100 126.1 0.2184 133.87 80 1.11 149.39 0.9466 117.95 101.48 
I17C2 80 100 1 3 535 300 100 125.79 0.2184 133.87 80 1.11 149.39 0.9466 117.95 101.48 
I17C3 80 100 1 3 535 350 100 123.98 0.2184 133.87 80 1.11 149.39 0.9466 117.95 101.48 
I17C4 80 100 1 3 535 450 100 123.27 0.2184 133.87 80 1.11 149.39 0.9466 117.95 101.48 
I18C1 80 100 1 3 496 275 100 111.07 0.1626 124.06 70 0.83 103.34 1.0956 99.23 84.83 
I18C2 80 100 1 3 496 300 100 110.77 0.1626 124.06 70 0.83 103.34 1.0956 99.23 84.83 
I18C3 80 100 1 3 496 350 100 109.56 0.1626 124.06 70 0.83 103.34 1.0956 99.23 84.83 
I18C4 80 100 1 3 496 450 100 106.94 0.1626 124.06 70 0.83 103.34 1.0956 99.23 84.83 
I19C1 80 100 0 3 449 275 100 98.08 0.0987 112.28 70 0.5 56.73 1.4067 75.70 63.34 
I19C2 80 100 0 3 449 300 100 97.88 0.0987 112.28 70 0.5 56.73 1.4067 75.70 63.34 
I19C3 80 100 0 3 449 350 100 95.57 0.0987 112.28 70 0.5 56.73 1.4067 75.70 63.34 
I19C4 80 100 0 3 449 450 100 94.86 0.0987 112.28 70 0.5 56.73 1.4067 75.70 63.34 
I20C1 90 100 1 3 521 275 100 110.87 0.1302 130.31 80 0.65 85.57 1.2339 96.17 81.49 
I20C2 90 100 1 3 521 300 100 110.56 0.1302 130.31 80 0.65 85.57 1.2339 96.17 81.49 
I20C3 90 100 1 3 521 350 100 111.37 0.1302 130.31 80 0.65 85.57 1.2339 96.17 81.49 
I20C4 90 100 1 3 521 450 100 107.64 0.1302 130.31 80 0.65 85.57 1.2339 96.17 81.49 
I21C1 90 100 1 3 477 275 100 101.9 0.0875 119.25 80 0.43 52.38 1.5087 76.55 63.56 
I21C2 90 100 1 3 477 300 100 101.6 0.0875 119.25 80 0.43 52.38 1.5087 76.55 63.56 
I21C3 90 100 1 3 477 350 100 99.59 0.0875 119.25 80 0.43 52.38 1.5087 76.55 63.56 
I21C4 90 100 1 3 477 450 100 98.08 0.0875 119.25 80 0.43 52.38 1.5087 76.55 63.56 
I22C1 100 100 1 3 595 275 100 123.98 0.1451 148.87 100 0.71 106.72 1.181 113.20 96.26 
I22C2 100 100 1 3 595 300 100 123.78 0.1451 148.87 100 0.71 106.72 1.181 113.20 96.26 
I22C3 100 100 1 3 595 350 100 125.79 0.1451 148.87 100 0.71 106.72 1.181 113.20 96.26 
I22C4 100 100 1 3 595 450 100 123.98 0.1451 148.87 100 0.71 106.72 1.181 113.20 96.26 
I23C1 100 100 1 3 546 275 100 114.29 0.1066 136.56 70 0.56 77.2 1.3299 95.72 80.56 
I23C2 100 100 1 3 546 300 100 113.28 0.1066 136.56 70 0.56 77.2 1.3299 95.72 80.56 
I23C3 100 100 1 3 546 350 100 112.38 0.1066 136.56 70 0.56 77.2 1.3299 95.72 80.56 
I23C4 100 100 1 3 546 450 100 110.77 0.1066 136.56 70 0.56 77.2 1.3299 95.72 80.56 
I24C1 100 100 1 3 497 275 100 103.31 0.0712 124.25 70 0.37 46.09 1.6417 75.13 61.75 
I24C2 100 100 1 3 497 300 100 102.61 0.0712 124.25 70 0.37 46.09 1.6417 75.13 61.75 
I24C3 100 100 1 3 497 350 100 101.6 0.0712 124.25 70 0.37 46.09 1.6417 75.13 61.75 
I24C4 100 100 1 3 497 450 100 99.59 0.0712 124.25 70 0.37 46.09 1.6417 75.13 61.75 
Table 3: I-section stub column test data 
